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PREFACE. 



Thb present Edition of this Work, like the two 
preceding, has been compiled for the use of the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Course of Civil Engineering taught 
them which the Autlior deemed would prove the most 
useful to pupils in other seminaries, studying for the 
profession of the civil engineer. 

In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accumulation 
of important facts since the publication of the former 
editions. A new form has also been given to the 
work, in the substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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principles and facts respecting those branches of the 
subject of which it treats; and that it will prove a 
serviceable aid to instructors and pupils, in opening 
the way to a more extensive prosecution ot* the 
studies connected with the engineer's an. 
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ELEMENTARY COURSE 



CIVIL ENGINEERING. 



BUILDING MATERIALS. 

1. A KNOWLEDGE of the properties of building materials is one 
of the most important branches of Civil Engineering. An en- 
gineer, to be enabled to make a judicious selection of materials, 
and to apply them so that the ends of sound economy and skilful 
workmansmp shall be equally subserved, must know their or- 
dinary durability under the various circumstances in which they 
are employed, and the means of increasing it when desirable ; 
their capacity to sustain, without injury to their physical quali- 
ties, permanent strains, whether exerted to crush tnem, tear them 
asimder, or to break them transversely ; their resistance to rup- 
ture and wear, from percussion and attrition ; and, finally, the 
time and expense necessary to convert them to the uses for which 
they may be required. 

2. The materials in general use for civil constructions may be 
arranged under the three following heads : 

Ist. Those which constitute &e more solid components of 
structures, as Stone, Brick, Wood, and the Metals. 

2d. The cements in general, as Mortar, Mastics, Glue, &c., 
which are used to unite tne more soUd parts. 

dd. The various mixtures and chemical prepc^rations, as solu- 
tions of Salts, Paints, Bituminous Substances, Sec, employed 
to coat the more solid parts, and protect them from the chenucal 
and mechanical action of atmospneric changes, and other causes 
of destractibility . 

STONE. 

3. The term Stone, or Rock, is applied to any aggregation of 
leyeral mineral substances. Stones, for the convenience of de- 
■cription, may be arranged under three general heads— the «tK. 
dcuSf the argiUacecuM, and the calcareous. 
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2 BUILDING MATERIALS. 

4. SiLicious Stones. The stones arranged under this head 
receive their appellation from silex, the principal constituent of the 
minerals whicn compose them. They are also frequently desig- 
nated, either according to the mineral found most abundantly in 
them, or from the appearance of the stone, tfi feldspathic, quart- 
zose, arenaceausy Sec, 

5. The silicious stones generally do not eflFervesce with acids, 
and emit sparks when struck with a steel. They possess, in a 
high decree, the properties of strength, hardness, and durability ; 
and, although presenting great diversity in the degree of these 
properties, as well as in their structure, they furnish an extensive 
vanety of the best stone for the various purposes of the engineer 
and architect. 

6. Sienite, Porphyry, and Greenstone, from the abimdance 
of feldspar which they contain, are often designated as feldspathic 
rocks. For durabihty, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granular aggregation of feldspar, horn- 
blende, and quartz. It frunishes one of the most valuable building 
stones, particularly for structures which require great strength, 
or are exposed to any very active causes of destructibility, as 
sea walls, lighthouses, and fortifications. Sienite occurs in exten- 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easily 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldspar is found, the durability of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to the weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ; no pains should therefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
important public works. 

8. Porphyry, This stone is usually composed of compact feld* 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porphyry frimishes stones 
of various colors and texture ; the usual color being reddish, ap 
proaching to purple, from which the stone takes its name. Om 
of the most beautiful varieties is a breccicUed porphytj, consist 
ing of angular fragments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness. 
18 sddom applied to any other than ornamental purposes. The 
beet known localities </ sienite and porphyry are m tne neighbor 
hoixlof Bestmi. 

9. Green-stone. Thi% BUme is a uditture of homblettd^ Witf 



STONE. 



common and compact feldspar, presenting sometimes a granular, 
though usually a compact texture. Its ordinary color, when dry, 
is some shacfe of brown ; but, when wet, it becomes greenish, 
from which it takes its name. Green-stone is very hard, and 
one of the most durable rocks ; but, occurring in small and 
irregular blocks, its uses as a building stone are very restricted. 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account well 
adapted to rural architecture. Green-stone might also be used 
as a material for road-making ; large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
80 well knovm as the Palisades, on the Hudson, for construct- 
ing wharves, as it is found to withstand well the action of sah 
water. 

10. Granite and Ghieiss. The constituents of these two stones 
are the same ; being a granular aggregation of quartz, feldspar, 
and mica, in variable proportions. They differ only in their 
structure; gneiss being a stratified rock, the ingredients of 
which occur frequently in a more or less laminated state. Gneiss, 
although less valuable than granite, owing to the effect of its 
structure on the size of the blocks which it yields, and from its 
not sphttinff as smoothly as granite across its beds of stratifica- 
tion, frimishes a building stone suitable for most architectural 
purposes. It is also a good flagging material, when it can be ob- 
tained in thin slabs. 

Granite varies greatly in quaUty, according to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked with the chisel. An excess of mica usually makes 
the stone friable. An excess of feldspar gives the stone a white 
hue, and makes it freer under the chisel. The best granites are 
those with a fine grain, in which the constituents seem uniformly 
disseminated through the mass. The color of granite is usually 
some shade of gray ; when it varies firom this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
granite, has a fine reddish hue, and is chiefly used for ornamental 
purposes. Granite is sometimes mistaken for sienite, when it 
amtains but httle mica. 

The quality of granite is affected by the foreign minerals which 
it may contain ; hornblende is said to render it tough, and schorl 
makes it quite brittle. The protoxide and sulphurets of iron are 
the most injurious in their effects on aranite ; the former by coi^ 
version into a peroxide, and the latter by decomposing, destroying 
the structure of the stone, and causing it to break up and disin- 
ta0»te. 

Gnailei gneiis^ and memte, difibr so little in their essential 
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qualities, as a building material, that tliey may be used indiffer 
ently for all structures of a solid and dmuble character. They 
are extensively quarried in most of the New England States, in 
New York, and in some of the other Slates intersected by the 
great range of primitive rocks, where the quarries he contiguous 
to .tide-water. 

1 1 . Mica Slate. The constituents of this stone are quartz and 
mica ; the latter predominating. It is principally used as a flag* 
ging stone, and as difire stone, or hning for furnaces. 

12. Buhr^ or Mill-stone. This is a very hard, durable stone, 

E resenting a peculiar, honeycomb appearance. It makes a good 
uilding material for common purposes, and is also suitable for 
road coverings. 

13. Hom^stone. This is a highly silicious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, horn-like appearance. It furnishes a very 
good road material. 

14. Steatite^ or Soap-stone. This stone is a partially indura- 
ted talc. It is a venr soft stone, and not suitable for ordinary 
building purposes, it furnishes a good fire-stone, and is used 
for the lining of fireplaces. 

15. Talcose Slate. This stone resembles mica slate, being an 
aggregation of quartz and talc. It is applied to the same pur- 
poses as mica slate. 

16. Sand-stone. This stone consists of grains of silicious 
sand, arising from the disintegration of siUcious rocks, which are 
united by some natural cement, generally of an argillaceous or a 
silicious character. 

The strengjth, hardness, and durabihty of sand-stone vary be- 
tween very wide limits. Some varieties being httle inferior to 
good granite, as a building stone, others bein^ very soft, friable, 
and disintegrating rapidly when exposed to me weather. The 
least durable sand-stones are those which contain the most argil- 
laceous matter ; those of a feldspathic character are also found 
not to withstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties furnish an 
excellent fire-stone. Most of the varieties of sand-stone yield 
readily under the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name of free 
stone. The colors of sand-stone present also a variety of shades, 
principally of gray, brown, and red. 

The formations of sand-stone in the United States are very 
extensive, and a number of quarries are worked in New England, 
New York, and the Middle States. These formations, and the 
character of the stone obtained from them, are minutely described 
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in the Geological Reports of these States, which have been pub- 
lished within the last few years. 

Most of the stone used for the public buildings in Washington, 
is a sand-stone obtained from quarries on Acquia Creek and the 
Rappahannock. Much of this stone is feldspathic, possesses but 
little strength, and disintegrates rapidly. The rea sand-stones 
which are used in our large cities, are either from quarries in a 
formation extending from the Hudson to North Carolina, or from 
a separate deposite in the valley of the Connecticut. The most 
durable and hard portions of these formations occur in the neigh- 
borhood of trap dikes. The fine fls^ging-stone used in our cities 
is mostly obtained, either from the Connecticut quarries, or from 
others near the Hudson, in the Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive formations along the Appalachian range, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17. Argillaceous Stones. The stones arranged under tins 
head are mostly composed of clay, in a more or less indurated 
state, and presenting a laminated structure. They vary greatly 
in strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are restricted to roofing and flagging. 

18. Roofing Slate. This virdl-luiown stone is obtained from 
a hard, indurated clay, the surfaces of the lamina having a natu- 
ral polish. The best kinds spUt into thin, uniform, light slabs ; 
are free from sulphurets of iron ; give a clear ringing sound when 
struck ; and absorb but little water. Much of me roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the material obtained from some of the quar- 
ries worked in the United States, is not apparently inferior to the 
best foreign slate brought into our markets. Several quarries of 
roofing slate are work^ in the New England States, New York, 
and Pennsylvania. 

19. Graywacke Slate, The composition of this stone is 
mostly indurated clay. It has a more earthy appearance than 
argillaceous slate, and is generally distinctly arenaceous. Its 
colors are usually dark gray, or red. It is quarried principally 
for flagffuig-stone. 

20. ilc^nblende Slate. This stone, knovni also as ^een<-stone 
slate, properly belongs to the silicious dass. It consists mostly 
of hornblende having a laminated structure. It is chiefly quarried 
for flagging-stone. 
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21. CiLCAREous Stones. Lime is the principal constituent 
of this class, the carbonates of which, known as limestone and 
marbley furnish a large amount of ordinary building stcme, most 
of the ornamental stones, and the chief ingredient in the compo- 
sition of the cements and mortars, used in stone and brick-work. 
Lime-stone efifervesces copiously with acids ; its texture is de- 
stroyed by a strong heat, which also drives off its carbonic acid 
and water, converting it into quick lime. By absorbing water, 
quick-lime is converted into a hydraiey or slaked Ume ; consider- 
able heat is evolved during this chemical change, and the stone 
increases in bulk, and gradually crumbles down into a fine 
powder. 

The lime-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best silicious stones, 
and are but little inferior to them in strength and hardness ; others 
decompose rapidly on exposure to the weather ; and some kinds 
are so soft that, when first quarried, ihey can be scratched with 
the nail, and broken between the fingers. The lime-stones are 
generally impure carbonates ; and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for constructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, furnish 
the large number of colored and variegated marbles ; while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, from their possessing the 
property of haxlening under water, have received the various 
appellations of hydraulic lime, water limte, Roman cement, &c. 

Lime-stone is divided into two principal classes, granular 
lime-stone and compact lime-stone. Each of these furnishes both 
the marbles and oniinary building stone. The varieties not sus- 
ceptible of receiving a polish, are sometimes called common lime- 
stone. 

The granular lime-stones are generally superior to the compact 
for building purposes. Those vdiich have Uie finest grain are the 
best, both iot marbles and ordinary building stone. The coarse- 
grained varieties are frequently friable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com- 
pact and granular, work freely under the chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for the 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
foreign minerals it may contain ; the presence of clay injures the 
stone, particularly when, as sometimes happens, it runs through 
the bed in very minute veins : blocks of 3tone having this imper- 
fection, soon separate along these veins on exposvure to moisture. 
The protoxide, the protocarbonate, and the sulphuret of iron, are 
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also very destnictive in their effects ; frequently causing, by their 
chemical changes, rapid disintegration. 

Among the varieties of impure carbonates of lime, the magne- 
sian lime-stones, called dolomites^ merit to be particularly no- 
ticed. They are regarded in Europe as a superior building 
material ; those being considered the best which are most crys- 
talline, and are composed of nearly equal proportions of the 
carbonates of lime and magnesia. Some of the quarries of this 
stone, which have been opened in New York and Massachusetts, 
have given a different result ; the stone obtained from them being, 
in some cases, extremely friable. 

22. Marbles. The term marble is now applied exclusively 
to any lime-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to ornamental pur- 
poses. The mibrbles present great variety, both in color and ap- 

Searance, and have generally received some appropriate name 
escriptive of these accidents. 

23. Statuary Marble is of the purest white, finest grain, and 
free from all loreim minerals. It receives that dehcate polish, 
without glare, which admirably adapts it to the purposes of the 
sculpto]^, for whose uses it is mostly reserved. 

24. Conglomerate Marble. This consists of two varieties ; the 
one termed pudding stone, which is composed of rounded pebbles 
imbedded in compact lime-stone ; the other termed breccia^ con- 
sisting of angular fragments united in a similar manner. The 
colors of these marbles are generally variegated, forming a very 
handsome ornamental material. 

25. Birds-eye Marble. The name of this stone is descriptive 
of its appearance, which arises from the cross sections of a pecu- 
liar fossd {fucoides demissus) contained in the mass, made in 
savring or sphtting it. 

26. Lumachella Marble. This is obtained from a lime-stone 
having shells imbedded in it, and takes its name from tliis cir- 
cumstance. 

27. Verd Antique. This is a rare and costly variety, of a 
beautifrd sreen color, caused by veins and blotches of serpentine 
diffiised through the lime-stone. 

28. The terms veined, golden, Italian, Irish, &c., given to 
the marbles found in our markets, are significant of their appear- 
ance, or of the locaUties from which they are procured. 

29. Lime-stone is so extensively diffiised throughout the Uni- 
ted States, and is quarried, either for building stone or to frumish 
lime, in so many localities, that it would be impracticable to enu- 
merate all within any moderate compass. One of the most re- 
markable formations of this stone extends, in an uninterrupted 
oed, from Canada, through the States of Vermont, Mass., Conn., 
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New York, New Jersey, Perm., and Virg., and, in all probability, 
much farther south. 

Marbles are quarried in various localities in the United States 
Among the most noted are the quarries in Berkshire Co., Mass., 
which furnish J^oth pure and variegated marbles ; those on the 
Potomac, from which the columns of conglomerate marbles were 
obtained that are seen in the interior of me Capitol at Washing- 
ton ; several in New York, which furnish white, the birds-eye, ana 
other variegated kinds; and some in Conn., which, among other 
varieties, furnish a verd antique of handsome quality. 

Lime-stone is burned, either for building or agricultural pur- 
poses, in almost every locality where deposites of 3ie stone occur. 
Thomaston, in Maine, has supplied for some years most of the 
markets on the sea-board with a material which is considered as 
a superior article for ordinary building purposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydrauhc or water lime-stones of 
New York. The preparation oi this material, so indispensable 
for all hydraulic works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of the United States, 
being in great demand for all the pubhc works carried on under 
the superintendence of our civil and military engineers. A not 
less valuable addition to our building materials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
erties. Rom experiments made by Vicat, in France, who first 
there observed tne same properties in the dolomite, and from 
those in our own country, it appears highly probable that the mag- 
nesian lime-stones, containing a certain proportion of magnesia, 
will be found fully equal to the argillaceous, from which hydraulic 
lime has hitherto been solely obtained. 

Both of these lime-stones belong to very extensive formations. 
The liydraulic lime-stones of New i ork occur in a deposite called 
the Water-hme Group, in the Geological Survey of New York, 
corresponding to formation VI. of Prof. H. B. Rogers' arrange- 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ; it is exposed in 
many of the valleys of Penn. and Virg., west of the Great Valley, 
It may be sought for just below or not far beneath the Oriskany 
sand-stones of the New York Survey, which correspond to form- 
ation VII. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, granular texture, with large cavities 
left by decayed shells. The lime-stone is usujiUy an earthy 
drab-colored rock, sometimes a greenish blue, which does no{ 
flake after being burned. 
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The hydrai.ilic magnesian lime-stones belong to the fonnations 
Q. and Vl. of Rogers ; the first of these is the same as the Black 
River, or Mohawk lime-stone of the New York Survey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
throughout the whole bed, associated with the slates which occu- 

gf formation III. of Rogers, and are called the Hudson River 
roup in the New York Survey. This extensive bed lies in tlie 
great Appalachian Valley, known as the Valley of Lake Cham- 
plain, Valley of the Hudson, as far as the Highlands, Cumberland 
Valley, Vafley of Virginia, and Valley of East Tennessee. The 
same stone is found in the deposites of some of the western val- 
leys of the mountain region of Penn. and Virginia. 

The importance of hydraulic lime to the security of structures 
exposed to constant moisture, renders a knowledge of the geo- 
logical positions of those Ume-stones from which it can be ob 
tained an object of great interest. From the results of the various 
geological surveys made in the United States, and in Europe, 
iime-stone, possessing hydrauUc properties when calcined, may 
be looked for among those beds which are found in connection 
with the shales^ or other argillaceous deposites. The celebrated 
Roman, or Parker^s cement, of England, which, firom its prompt 
induration in water, has become an important article of commerce, 
is manufactured from nodules of a concretionary argillaceous 
lime-stone, called se^taria, from being traversed by veins of 
sparry carbonate of mne. Nodules of this character are found 
in Mass., and in some other States ; and it is probable they would 
yield, if suitably calcined and ground, an article in nowise inferior 
to that imported. 

30. Gypsuniy or Plaster of Paris. This stone is a sulphate of 
Ume, and nas received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it is quarried and sent to 
all parts of the world ; being of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime which the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
Its chief utility is in furnishing a beautiful material for the orna- 
mental casts and mouldings in the interior of edifices. For this 
purpose it is prepared by calcining, or, as the workmen term it, 
hotting the stone, until it is deprived of its water of crystallization. 
In this state it is made into a thin paste, and poured into moulds to 
form the cast, in which it hardens very promptly. Ca bined plaster 
of Paris is also used as a cement for stone ; but it is euunently unfit 
for this purpose ; for when exposed, in any situation, to moisture, 
it absorbs it with avidity, swells, cracks, and exfohates rapidly. 

Gypsum is found in various locahties in the United States. 
Large quantities of it are quarried in New York, both for buikU 
ing and agricultural purposes. 

2 
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31. Durability of Stone. The most important properties 
of stone, as a building material, are its durability under tne or- 
dinary circumstances of exposure to weather ; its capacity to 
sustain high degrees of temperature ; and its resistance to the 
destructive action of fresh and salt water. 

The wear of stone from ordinary exposure is very variable, 
depending, not only upon the texture and constituent elements of 
llie stone, but also upon the locality and the position it may oc- 
mipy in a structure, with respect to the prevailing driving rains. 
The chemist and geologist have not, thus far, laid down any in- 
fallible rules to guide Uie engineer in the selection of a material 
that may be pronounced durable for the ordinary period allotted 
to the works of man. In truth, the subject admits of only gen- 
eral indications ; for stones having the same texture and chemical 
composition, from causes not fully ascertained, are found to pos- 
sess very different degrees of duration. This has been particu- 
larly noted in feldspathic rocks. As a general rule, those stones 
which are fine-grained, absorb least water, and are of greatest 
specific gravitjr, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise from a large propor- 
tion of iron in the state of a protoxide, a circumstance generally 
unfavorable to its durability. Besides, the various chemical com- 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentary sihcious rocks, 
ereatly affect their durability. The potash contained in feldspar 
dissolves, and carrying off a coHsiderable proportion of the silica, 
leaves nothing but aluminous matter behind. The clay, on the 
other hand, absorbs water, becomes soft, and causes the stone to 
•crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while it greatly diminishes the value of some stones, 
as in white marble, in others is not disagreeable to the eye, pro 
ducing often a mottled appearance in buildings which adds to the 
picturesque effect. 

32. !• rest, or rather the alternate actions of freezing and thaw 
ing, is the most destructive agent of Nature with wliich the en 

S'neer has to contend. Its effects vary with the texture of stones ; 
ose of a fissile nature usually splitting, while the more porous 
kinds disintegrate, or exfoliate at tlie surface. When stone from 
a new quarry is to be tried, the best indication of its resistance tc 
frost may be obtained from an examination of any rocks of the 
same kind, within its vicinity, which are known to have been 
exposecl for a long period. Submitting the stone fresh from the 
quarry to the direct action of freezing would seem to be the most 
certain test, were the stone destroyed by the expansive action 
alone of frost : but besides the uncertainty of this test, it is known 
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that some stones, which, when first quarried, are much affected 
by j&rost, splitting under its action, become imj)ervious to it after 
they have lost the moisture of the quaiTy, as they do not re-absorb 
near so large an amount as they bring from the quarry. 

33. M. Brard, a French chemist, has given a process for as- 
C3rtaining the effects of frost on stone, which has met with the ap- 
proval of many French architects and engineers of standing, as it 
4:orresponds with their experience. M. Brard directs that a small 
cubical block, about two inches on the edge, shall be carefully 
sawed from tlie stone to be tested . A cold saturated solution of 
sulphate of soda is prepared, placed over a fire, and brought to 
the boiling point. Tne stone, suspended from a string, is im- 
mersed in tne boiling liquid, and kept there during thirty minutes ; 
it is then carefully withdrawn ; the liquid is decanted, free from 
sediment into a flat vessel, and the stone is suspended over it in 
a cool cellar. An efflorescence of the salt soon makes its appear* 
ance on the stone, when it must be again dipped into the liquidl 
This should be done once or more frequently during the day, 
and the process be continued in this way for about a week. The 
earthy sediment, found at the end of this period in the vessel, is 
weigned, and its quantity will give an indication of the like effect 
of frost. This process, vrith the official statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in vol. 38, Annales ae Chimie et de Physique^ and the 
results are such as to commend it to the attention of engineers in 
submitting new stones to trial. 

34. By tlie absorption of water, stones become softer and more 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, lime-stone, and com- 
mon sand-stone, do not make good road materials of broken stone* 
All the hornblende rocks, porphyry, compact feldspar, and the 
quartzose rock associated with graywacke, furnish good, durable 
road coverings. The fine-grained granites which contain but a 
small proportion of mica, tne fine-grained silicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material when used in blocks for paving. Mica slate, talcose 
slate, hornblende slate, some varieties of gneiss, some varietieff; 
of sand-stone of a slaty structure, and graywacke slate, yield ex-i 
cellent materials for flag-stone. 

36. The influence of locality on the durability of stone is veiy 
marked. Stone is observed to wear more rapidly in cities than 
in the country ; and the stone in those parts of edifices expoaed ; 
to the prevaiUng rains and winds, soonest exhibits signs of decay. 
The disintegration of the stratified stones placed in a wall, is 
mamly affected by the position which the strata, or quamy-bed 
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receives, with respect to the exposed surface ; proceeding faster 
when the faces of the strata are exposed, than in the contrary 
position. 

36. Stones which resist a high degree of heat without fiisinfl 
are used for hning furnaces, and are termed fire-stones. A good 
fire-stone should not only be infusible, but also not liable to crack 
or exfoliate from heat. Stones that contain liipe, or magnesia, 
except in the form of silicates, are usually unsuitable for fire- 
stones. Some porous silicious lime-stones, as well as some gyp- 
sous silicious rocks, resist moderate degrees of heat. Stones 
that contain much potash arc very fusible under high tempera- 
tures, running into a glassy substance. Quartz and mica, in 
various combinations, furnish a good fire-stone ; as, for example, 
finely granular quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
proportion of arenaceous quartz. Several varieties of sand-stone 
maKe a good lining for furnaces. They are usually those varie 
ties which are free from feldspar, somewhat porous, and are un 
crystallized in the mass. Talcose slate likewise furnishes a good 
fire-stone. 

37. Hardness is an essential quality in stone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, flag- 
ging, and steps for stairs, should be hard, and of a grain sum 
ciently coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone with the chisel, and to the cost of 
the prepared material, builders prefer the softer or free-stones^ 
such as the lime-stones and sand-stones, for most building pur* 
poses. The following are some of the results, on this point, ob 
tained from experiment. 

Table showing the result of experiments made under the direc 
tion of Mr, Walker, on the wear of different stones in the tram^ 
way on the Commercial Road, London, from 27th Marchf 
1830, to 2^th August, 1831, being a period of seventeen 
months. Transactions of Civil Engineers, vol. 1. 



Sup. areii 
infeeu 



Orlgfnal weight. 



Loss of 

weight by 

wear. 



Loasper 
■up. foot. 



RelatSvB 



Oaerasey . . 
Herme . . . 
Budle . . . 
Peterhead (blue) 
HeytoT . . 
Aberdeen (red) 
Dartmoor . . 
Aberdeea (blae) 



4.734 
5.250 
6.336 
3.484 
4.313 
5.375 
4.500 
4.623 



cwt qn. 
7 1 
7 3 
9 
4 
6 
7 
6 
6 



Iba. 
12.75 
24.25 
15.75 

7.50 
15.25 
11.50 
25.00 
16.00 



4.50 

5.50 

7.75 

6.25 

8.25 

11.50 

12.50 

14.75 



0.951 
1.048 
1.223 
1.795 
1.915 
2.139 
2.778 
3.058 



1.000 
1.109 
1.286 
1.887 
2.014 
2.249 
2.921 
3.916 
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The Commercial Road stoneway consists of twc parallel lines 
of rectangular tramstones, 18 inches wide by 12 inches deep, and 
jointed to each other endwise, for the wheels to travel on, with a 
common street pavement between for the horses. 

The following table gives the results of some experiments on 
the wear of a fine-grained sand-stone pavement, by M. Coriolis, 
during 8 years, upon the paved road from Paris to Toulouse, the 
carriage over wliich is about 500 tons daily, pubUshed in the 
Annales des Fonts et ChauseeSy for March and April, 1834. 





Viituioe of water abwrlied by th« | 


Weight of a 


dry stone alter one day'« lin- 




cubic foot 


merslon. compared to that of 
the •tone. 


wear. 


158 lbs. 


Neglected as insensible. 


0.1023 inch. 


164 ** 


ti 


0.1063 " 


156 " 


it 


0.1399 " 


150 " 


Ti in yolttme. 


0.3126 " 


148 " 


A « 


0.3677 " 



M. Coriolis remarks, that the weight of water absorbed affords 
one of the best indications of the durability of the fine-grained 
sandrstones used in France for pavements. An equally good test 
of the relative durability of stones of the same kind, M. Coriolis 
states, is the more or less clearness of sound given out by striking 
the stone with a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ. Engineer f inserted in the Journal of the Franklin 
Institute for Oct. 1835, on the resistance of various substances 
to abrasion. The substances were abraded against a piece of 
white statuary marble, which was taken as a standara, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was calculated from the weight lost by each substance 
during the operation. 

Comparative Resistance to Abrasion. 

Aberdeen granite ... . . 980 

Hard Yorkshire paving stone .... 327 

Italian black marble 260 

Kilkenny black marble 110 

Statuary Marble 100 

Old Portlaad stone 79 

Roman cement stone 69 

Fine-grained Newcastle grindstone ... 63 

Stock brick 34 

Cosrae-grained Newcastle grindstone 14 

Bath stone 18 
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LIME. 

38. Lime, considered as a building ipaterial, is now usuallj 
divided into three principal classes ; Common, or Air lime, Hy- 
draulic lime, and Hydraulic, or Water cement. 

89. Common, or air lime, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic lime and hydraulic cement both take their name 
from hardening under water. The former differs from the latter 
in two essential points. It slakes thoroughly, like common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not slake, and usually hardens very soon. 

41. Our nomenclature, witli regard to these substances, is still 
quite defective for scientific arrangement. For the lime-stones 
which yield hydrauUc lime when completely calcined, also give 
an hydrauUc cement when deprived of a portion only of their 
carbonic acid ; and other lime-stones yield, on calcination, a result 
which can neither be termed lime nor hydrauUc cement, owing 
to its slaking very imperfectly, and not retaining the hardness 
which it quickly takes when first placed under water. 

M. Vicat, whose able researches into the properties of lime and 
mortars are so weU known, has proposed to apply the term cement 
limestones {calcaires d dment) to those stones which, when com- 
pletely calcined, yield hydrauUc cement, and which under no de- 
gree of calcination, will give hydraulic lime. For the lime-stones 
which yield hydrauUc lime when completely calcined, and which, 
when subjected to a degree of heat insuflicient to drive off all their 
carbonic acid, yield hydrauUc cement, he proposes to retain the 
name hydrauUc Ume-stones ; and to call the cement obtained 
from their incomplete calcination, under-burnt hydrauUc cement, 
{ciments dHncuits,) to distinguish it firom that obtained from the 
cement stone. With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties botli 
of Umes and cements, he proposes for them the name of dividing 
limes, {clumx limites.) 

The terms /a/ and meager are also applied to limes ; ovring to 
the difference in the quaUty of the paste obtained firom them with 
the same quantity of water. The fat Umes give a paste which is 
unctuous both to the sight and touch. The meager limes yield 
a thin paste. These names were of some importance when first 
introduced, as they served to distinguish common firom hydrauUc 
lime, the former being always fat, the latter meager ; but, later 
experience having shown that all meager Umes are not hydraulic, 
the terms are no longer of use, except to designate quaUties of 
the paste of Umes. 
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42. Hydraulic Limes and Cements, The lime-stones which 
yield these substances are either argillaceous, or magnesian, or 
argilo-magnesian. The products of their calcination vary con- 
siderably in their hydrauhc properties. Some of the hydraulic 
hmes harden, or set very slowly under water, while others set rap- 
idly. The hydraulic cements set in a very short time. Tliis 
diversity in the hydraulic energy of the argillaceous lime-stones, 
arises from the variable proportions in which the lime and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French service, in an able 
work entitled Recherches sur la Chauffoumerie, gives the follow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Ume. 


Clay. 


Besiiltiiig prodacta. 


DUtinctive characters of the products. 


100 





Very fat lime. 


Incapable of hardening in water. 


90 


10 


Lime a little hydraulic, 
do. qaite hydraulic. 


C Slakes like pure lime, when 


80 


20 


< properly calcined, and hard- 


70 


30 


do. do. 


f ens under water. 


60 


40 


Plastic, or hydraulic cement. 


C Does not slake under any cir- 


50 


50 


do. 


< cumstances, and hardens un- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


Calcareous puzzolano (brick). 


i Does not slake nor harden un- 


30 


80 


do. do. 


< der water, unless mixed with 


10 


90 


do. do. 


i a fat, or an hydraulic lime. 




i 


100 


Puzzolano of pure clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob- 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent elements and properties. The following table 
gives the results of analyses to determine the relative proportions 
of lime and clay in these cements. 

Table of Foreign Hydraulic Cements, showing the relative pro- 
portions of Clay and Lime contained in them. 



LOCAUTT. 


Lime. 
55.40 


Clay. 


English, (commonly known as Parker\ or Roman cement) 


44.60 


French, (made from Boulogne pebbles) 




54.00 


46.00 


Do. (Pomlly) 




42.86 


57.14 


Do. do. 




36.37 


63.63 


Do. (Baye) 




21.62 


78.38 


Rnssian 




62.00 


38.00 



The hydraulic cements used in England are obtained from 
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▼arious localities, and differ but little in the relative propoitioiit 
of lime and clay found in them. Parker's cement, so called from 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodule-s 
is the same as tliat of the Boulogne pebbles found on the opposite 
coast of France. The stones which furnish the English and 
French hydraulic cements, contain but a very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, from the most 
noted localities, published in the Geological Report of the State 
of New Yorkf 1839, are given by Dr. Beck. 



Analysis of the Manlius Hydraulic Lime^stone. 

Carbonic acid 30.80 

Lime 26.94 

Magnesia 18.80 

Silica and alumina . .13.50 

Oxide of iron 1.96 

Moisture and loss .1.41 



100.00 



This stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 

Analysis of the Chittenango Hydraulic Limestone^ before and 
after calcination. 



Carbonic acid 
lame . 
Magnesia 
Silica . 
Alumina 
Peroxide of iron 
Moisture 



Unbvmt 



39.33 

95.00 

17.83 

11.76 

9.73 

1.50 

1.50 



100.00 



Carbonic acid and moisture 

Lime 

Magnesia .... 

Silica 

Alumina and oxide of iron 



Bunt. 



10.90 
30.50 
99.97 
16.56 
10.77 



100.00 



UlfE. 
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Analysis of the Hydraulic Lime'Stone from Ulster Co., along 
' the line of the Delaware and Hudson Canaly before arid after 
burning. 



Carbonic aoid 

Lime 

Magnesia 

Silica 

Alumina . 

Oxide of iron 

Bituminous matter, moistore, and loss 



Unlranit Burnt 



34.20 

25.60 

12.36 

16.37 

0.13 

2.26 

1.20 



100.00 



6 
37.60 
16.65 
22.75 
13.40 
3.30 
1.30 



100.00 



The hydraulic cement from this last locality has become sen- 
erally well known, having been successfully used for most of the 
military and civil public works on the sea-boaid. 

From the results of the analyses of all the above limestones, it 
appears that the proportions of lime and clay contained in them 
place them under the head of hydraulic cements, according to the 
classification of M. Petot. They do not slake, and they all set 
rapidly under water. 

46. The discovery of the hydraulic properties of certain mag- 
nesian lime-stones is of recent date, and is due to M. Vicat, who 
first drew attention to the subject. M. Vicat inclines to the 
opinion, that magnesia alone, without the presence of some clay, 
will yield only a feeble hydraulic lime. He states, that he has 
never been able to obtain any other, from proceeding synthetically 
with common lime and magnesia ; and that he knows of no well- 
authenticated instance in which any of the dolomites, either of 
the primitive or transition formations, have yielded a good hydrau 
lie lune. The stones from these formations, he states, are devoid 
of clay ; being very pure crystalline carbonates, or else contain 
silex oidy in the state of me sand. From M. Vicat's experi- 
ments, it is rendered certain that carbonate of marnesia in combi- 
nation with carbonate of lime, in the proportion o^ 40 parts of the 
latter to from 30 to 40 of the former, will produce a feebly hy- 
draulic lime, which does not appear to increase in hardness aftei 
it has once set ; but that vnth the same proportions, some hup 
dredths of clay are requisite to give hydraulic energy to the com- 

S»und. This proportion of clay M. Vicat supposes may cause 
e formation of triple hydro-silicates of lime, alumina, and ma^ 
nesia, having all the chiaracteristic properties of good hydraulic 
lime. 

47. The hydraulic properties of the magnesian lime-ftones of 

3 
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the United States were noticed by Professor W. B. Rogers, who, 
in his Report of the Geological Survey of Virginia^ 1838, has 

E>en the following analyses of some of the stones from different 
calities. 



Carbonate of lime .... 
Carbonate of magnesia . 
Alumina and oxide of iron 
Silica and insoluble matter 

Water 

Loss 


No. 1. 


No. 9. 


Na3. 


No. 4. 


55.80 

30.20 

^ 1.50 

2.50 

0.40 

0.60 


53.23 
41.00 
0.80 
2.80 
0.40 
1.77 


48.20 

35.76 

1.20 

12.10 

2.73 

O.Oi 


55.03 

24.16 

2.60 

15.30 

1.20 

1.71 


100.00 


100.00 


100.00 


100.00 



The lime-stone No. 1 of the above table is from Sheppardstown 
on the Potomac, in Virginia ; it is extensively manutactured for 
hydraulic cement. No. 2 is from the Natural Bridge, and banks 
of Cedar Creek, Virginia ; it makes a good hydraulic cement. 
No. 3 is from New York, and is extensively burnt for cement. 
No. 4 is from Louisville, Kentucky; said to make a good cement. 

48. M. Vicat states, that a magnesian lime-stone of France 
containing the following constituents, lime 40 parts, magnesia 21, 
and silica 21, yields a good hydraulic cement ; and he gives the 
following analysis of a stone which gives a good hydrauhc lime. 

Carbonate of lime .... 50.60 

Carbonate of magnesia . . 42.00 

Silica 5.00 

Alumina 2.00 

Oxide of iron 0.40 



100.00 



By comparing the constituents of these two last stones with the 
analyses of me cement-stones of New York, and the magnesian 
hydraulic hme-stones of Prof. Rogers, it will be seen that they 
consist, respectively, of nearly the same combinations of lime, 
magnesia, and siUca. 

49. Physical Characters and Tests of Hydraulic Lime-Atones, 
The simple external characters of a lime-stone, as color, texture, 
fracture, and taste, are insufficient to enable a person to decide 
whether it belongs to the hydraulic class ; ahhough they assist 
conjecture, particularly if the rock, from which the specimen is 
taken, is found in connection with the clay deposites, or if it be- 
long to a stratum "whose general level and characteristics are the 



LIME. to. 

same as the argilo-magnesian rocks. These rocks are generally 
some shade of drab, or of gray, or of a dark grayish blue ; have 
a compact texture ; fracture even or conchoidal ; with a clayey or 
earthy smell and taste. Although the hydraulic Um^-stones arc 
usually colored, still it may happen that the stone may be of a pure 
white,' arising from the combination of lime with a pure clay. 

The difficulty of pronouncing upon the class lo which a lime- 
stone belongs, from its physical properties alone, renders it neces- 
sary to resort to a chemical analysis, and even to direct experiment, 
to decide the question. 

50. In making a complete chemical analysis of alime-stone,more 
skill in chemical manipulations is requisite than engineers usually 
possess ; but a person who has the ordinary elementary know- 
ledge of chemistry, can readily ascertain the quantity of clay or 
of magnesia contained in a lime-stone, and from these two ele- 
ments can pronounce, with tolerable certainty, upon its hydraulic 
properties. To arrive at this conclusion, a small portion of the 
stone to be tested — about five drachms — is taken and reduced to 
a powder ; this is placed in a capsule, or an ordinary watch 
crystal, and slightly diluted muriatic acid is poured over it until 
it ceases to effervesce. The capsule is then gently heated, and 
the hquor evaporated, until the residue in the capsule has acquired 
the consistence of thin paste. This paste is thrown into a pint 
of pure water and well shaken up, and tlie mixture is then fil- 
tered. The residue left on the filtering paper is thoroughly dried, 
by bringing it to a red heat ; this being weighed win give the 
cuiy, or insoluble matter, contained in the stone. It is important 
to ascertain the slate of mechanical division of the insoluble mal ' 
ter thus obtained ; for if it be wholly granular, the stone will not 
yield hydraulic lime. The granular portion must therefore be 
carefully separated from the other before the latter is dried and 
weighed. 

51. If. the sample tested contains magnesia, an indication of 
this will be given by the slowness with which the acid acts ; if 
the quantity of magnesia be but little, the solution will at first 
proceed rapidly and then become more sluggish. To ascertain 
the quantity ol magnesia, clear lime-water must be added to the 
filtered solution as long as any precipitate is formed, and this 

Erecipitate must be quickly gathered on filtering paper, and then 
e washed with pure water. The residue from this washing is 
the magnesia. It must be thoroughly dried before being weighed, 
to ascertain its proportion to the clay. 

62. Having ascertained, by the preceding analysis, the proba- 
ble hydraulic energy of the stone, a sample of it should also be 
submitted to direct experiment. This may be likewise done on 
a small scale. A sample of the stone must be reduced to frag 
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ments about the size of a walnut. A crucible, perforated with 
holes for the free admission of air, is filled with these fragments, 
and placed over a fire sufficiently powerful to drive off the car- 
bonic acid of the stone. The time for effecting this will depend 
on the intensity of the heat. When the heat has been appUed 
for three or four hours, a small portion of the calcined stone may 
be tried with an acid, and the degree of the calcination may be 
judged of by the more or less copiousness of the effervescence 
that ensues. If no effervescence takes place, the operation may 
be considered completed. The calcined stone should be tried 
soon after it has become cold ; otlierwise, it should be kept in 
a glass jar made as air-tight as practicable until used. 

53. When the calcined stone is to be tried, it is first slaked 
by placing it in a small basket, which is immersed for five or six 
seconds in pure water. The stone is emptied from the basket so 
soon as the water has drained off, and is allowed to stand until 
the slaking is terminated. This process will proceed more or 
less rapidly, according to the quality of the stone, and the degree 
of its calcination. In some cases, it will be completed in a few 
minutes ; in others, portions only of the stone will fall to powder, 
the rest crumbling into lumps which slake very sluggishly ; while 
other varieties, as the true cement stones, give no evidence of slak- 
ing. If the stone slakes eitlier completely or partially, it must be 
converted into a paste of the consistence of soft putty, being'ground 
up thoroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bottom of an ordinary tum- 
bler, care being taken to make the diameter of the cake the same 
as that of the tumbler, which is filled with water, and the time of 
immersion noted. If the lime is only moderately hydraulic, it 
will have become hard enough at the end of fifteen or twenty 
days, to resist the pressure of the finger, and will continue to 
harden slowly, more particularly from the sixth or eighth month 
after immersion ; ancl at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydraulic lime will have hardened so as to resist 
the pressure of the finger, in about six or eight days after immer- 
sion, and will continue to grow harder until from six to twelve 
months after immersion ; it will then have acquired the hardness 
of the softest calcareous stones, and will be no longer soluble in 
pure water. When the stone is eminently hydraulic, it will have 
become hard in from two to four days after inmiersion, and in one 
month it will be quite hard and insoluble in pure water ; after six 
months, its hardness will be about equal to the more absorbent 
calcareous stones ; will splinter from a blow, presenting a slaty 
fracture. 

Am the hydraulic cements do not slake perceptibly, the bttinl 
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stoiie must first be reduced to a fine powder before it is made 
into a paste. The paste, when kneaded between the fingers, be- 
comes warm, and will generally set in a few minutes, either in the 
open air or in water. Hydraulic cement is far more sparingly 
soluble in pure water than the hydraulic lime ; and the action of 
pure water upon them ceases, apparently, after a few weeks im- 
mersion in it. 

54. Calcination of Lime-stone. The effect of heat on lime- 
stones varies with the constituent elements of the stone. The 
pure lime-stones will stand a high degree of temperature with- 
out fusing, losing only their carbonic acid and water. The im- 
pure stones containing silica fuse completely under a great heat, 
and become more or less vitrified when the temperature much ex- 
ceeds a red heat. The action of heat on the impure hme-stones, 
besides driving off their carbonic acid and water, modifies the re- 
lations of their other chemical constituents. The argillaceous 
stones, for example, yield an insoluble precipitate when acted on 
by an acid before calcination, but are perfectly soluble afterwards, 
unless the silcx they contain happens to be in the form of grains. 

66. The calcination of the nydraulic lime-stones, firom their 
fusible nature, requires to be conducted with great care ; for, if 
not pushed far enough, the under-burnt portions will not slake ; 
and, if carried too far, the stone becomes dead or sluggish ; slakes 
very slowly and imperfectly at first ; and, if used in 3iis state for 
masonry, may do injury by the swelling which accompanies the 
after-slaking. 

66. The more or less facility with which the impure lime-stones 
can be burned, depends upon several causes ; as the compactness 
of the stone ; the size of the fragments submitted to heat ; and 
the presence of a current of air, or of aqueous vapor. The more 
compact stones yield their carbonic acid less readily than those 
of an opposite texture. Stones which, when broken into very 
small lumps, can be calcined under the red heat of an ordinary 
fibre in a few hours, will require a far ^eater degree of tempera- 
ture, and for a much longer period, when broken into fragments 
of six or eight inches in diameter. This is particularly the case 
with the impiure lime-stones, which, when in large lumps, vitrify 
at the surface before the interior is thoroughly burnt. 

67. K a current of vapor is passed over the stone aftei it has 
commenced to give off its carbonic acid, the remaining portion of 
the gas which, under ordinary circumstances, is expelled with 
great difiiculty, particularly near the end of the process of calci- 
nation, will be carried off much sooner. This influence of an 
aqueous current is attributed, by M. Gay-Lussac, purely to a 
mechanical acUon, by removing the gas as it is evolved, and his 
ttqperiments go to show that a like effect is produced by an at* 
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mospheric current. In burning the impure lime-stones, however, 
an aqueous current produces tne farther beneficial effect of pre- 
venting the vitrification of the stone, when the temperature has 
become too elevated ; but as the vapor, on coming in contact 
with the heated stone, carries off a large portion of the heat, this, 
together with the latent heat contained in it, may render its use, 
in some cases, far from economical. 

58. Wood, charcoal, peat, the bituminous and anthracite coals 
are used for fuel in Ume-buminff. M. Vicat states, that wood is 
the best fuel for burning hydramic hme-stones ; that charcoal is 
inferior to bituminous coal ; and that the results from this last are 
very uncertain. When wood is used, it should be dry and split 
up, to bum quickly and give a clear blaze. The common opinion 
among lime-burners, that the greener the fuel the better, and that 
the lime-stone should be watered before it is placed in the kiln, is 
wrong ; as a large portion of the heat is consumed in converting 
the water in both cases into vapor. Coal is a more economical 
fuel than wood, and is therefore generally preferred to it ; but it 
requires particular care in ascertaining the proper quantity for use. 

59. Lime-kilns, Great diversity is met with in the forms and 
proportions of lime-kilns. Wherever attention has been paid to 
economy in fuel, the cylindrical^ ovoidaly or the inverted conical 
form has been adopted. The two first being preferred for wood, 
and the last for coal. 

60. The whole of the burnt lime is either drawn from the kiln 
at once, or else the burning is so regulated, that fresh stone and 
fuel arc added as the calcined portions are withdrawn. The lat- 
ter method is usually followed when the fuel used is coal. The 
stone and coal, broken into proper sizes, (Fig. I,) and in propoi^ 



Fig. 1 represents a vertical section tiuoagh the axis and centre lines 

of the entrances communicating with the interior of a kiln for 

burning lime with ooal. 
A, solid masoniy of the kiln, which is built up on the exterior like a 

square tower, with two arched entrances at B, B on opposite 

sides. 

C, interior of the kiln, lined with fire-brick or stone. 

D, asli-pit 

c, c^ openings between B, B and the interior through which the burnt 
hme is drawn. 



tions determined by experiment, are placed in the kiln in alternate 
layers ; the coal is ignited at the bottom of the kiln, and fresh 
strata are added at the top, as the burnt mass settles down and is 
partially withdrawn at the bottom. Kilns used in this way are 
called perpetual kilns ; they are more economical in the con- 
sumption of fiiel than those in which the burning is intermitted, 
and which are, on this account, termed intermittent kilns, Wpod 
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may also be used as fuel in perpetual kilns, but not with such 
economy as coal ; it moreover presents many inconveniences, in 
suppljdng the kiln with fresh stone, and in regulating its dis- 
charge. The inverted conical-shaped kiln is generally adopted 
.for coal, and the ovoidal-shaped for wood. 

61 . Some care is requisite in tilling the kiln with stone when a 
wood fire is used. A dome (Fig. 2) is formed of the largest blocks 



Fig. 3 representB a vertloal Bectkm throogh the 
axis and centre line of the entrance of a lime- 
kiln for wood. 

A , solid masonry of the kiln. 

B, arched entrance. 

C, doorway for drawing kiln and tnpiilytDg ftael. 

D, interior of kiln. 

E, dome of broken stone, shown by the dotted 
line. 



of the broken stone, which either rests on the bottom of tlie kiln or 
on the ash-grate. The lower diameter of the dome is a few feel 
less than that of the kiln ; and its interior is made sufficiently capa- 
cious to receive the fuel which, cut into short lengths, is placed 
up endwise around the dome. The stone is placed over and 
around the courses which form the dome, the largest blocks in 
the centre of tlie kiln. The management of the fee is a matter 
of experiment. For the first eight or ten hours it should be care- 
fully regulated, in order to bring the stone gradually to a red heat. 
By appTjring a high heat at first, or by any sudden increase of it 
until the mass has reached a nearly uniform temperature, the 
stone is apt to shiver, and choke tlie kiln, by stopping the voids 
between the courses of stone wliich form the dome. After the 
stone is brought to a red heat, the supply of fuel should be uni- 
form until the end of the calcination. The practice sometimes 
adopted, of abating the fire towards the end, is bad, as the last 
portions of carbonic acid retained by the stone, require a high de- 
gree of heat for their expulsion. The indications of complete 
calcination are generally manifested by the diminution which 
gradually takes place in the mass, and which, at this stage, is 
about one sixth of the primitive volume ; by the broken appear- 
ance of the stone which forms the dome, the interstices between 
which being also choked up by fragments of the burnt stone ; and 
by the ease with which an iron bar may be forced dovm through 
tlic burnt stone in the kiln. When these indications of complete 
calcination are observed, the kiln should be closed for ten or 
twelve hours, to confine the heat and finish the burning of the up- 
per strata. 
62. The form and relative dimensions of a kiln for wood can 
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oe determined only by careful experiment. If too great height 
be given to the mass, the lower portions may be overbumed be- 
fore the upper are burned enough. The proportions between the 
height and mean horizontal section, will depend on the texture of 
the stone; the size of the fragments into which it is broken for. 
burning ; and the more or less facility with which it vitrifies. In 
the memoir of M. Petot, already cited, it is stated as the results 
of experiments made at Brest, that large-sized kilns are more 
economical, both in the consumption of fuel and in the cost of 
attendance, than small ones ; but that there is no notable econo- 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty square feet. 

63. The circular seems the most suitable form for the horizon- 
tal sections of a kiln, both for strength and for economizing the 
heat. Were the section the same throughout, or the form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly burned when the lower were 
enough so, owing to the rapidity with which the inflamed gases, 
arising from the combustion, are cooled by coming into contact 
with the stone. To procure, therefore, a temperature throuchout 
the heated mass which shall be nearly uniform, the horizontal sec- 
tions of the kiln should gradually decrease from the point where 
the flame rises, which is near the top of the dome of broken stone, 
to the top of the kiln. This contraction of the horizontal section, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and tlie capacity of the kiln too much 
diminished ; and in no case should the area of the top opening be 
less than about one fourth the area of the section taken near the 
top of the dome. The best manner of arranging the sides of the 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section through the top of the dome, 
by an arc of a circle whose tangent at the lower point shall be 
vertical. 

64. Lime-kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf- 
ficiently thick to confine the heat, and, when the locality admits 
of it, they are built into a side hill ; otherwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strengthen the 
brick-work. The interior of the kiln should be faced eiUier with 
good fire-brick or with fire-stone. 

66. M. Petot prefers kilns armnged with fire-grates, and an 
ash-pit under the dome of broken stone, for the reason that they 
give the means of better regulating the heat, and of throwing the 
flame more in the axis of the kiln than can be done in kilns with- 
out them. The action of the flame is thus more uniformly felt 
through the mass of stone above the top of the dome, while that 
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of the radiated heat upon the stone around the dome, is also more 
uniform. 

66. M. Petot states, that the height of the mass of stone aboye 
the top of the dome should not be greater than from ten to thir- 
teen feet, depending on the more or less compact texture of the ^ 
stone, and the more or less ease with which it vitrifies. He pro- 
poses to use kOns with two stories, (Fig. 3,) for the purpose 



Fig. 3 wpMBsatB a vertical Bection 
through the axis and centre line of 
the entrance of a lime-kiln with two 
stories for wood. 

A, solid maBonty of the kiln. 

B, dome shown oy the dotted line. 

C, interior of lower story. 

D, dome of upper story. 

E, interior of upper stoiy. 
a, arched entrance to kun. 

bf receptacle for water to furnish a 
current of aqueous vapor. 

c, doorway for drawing Idln, ^., 
ck)sed by a fire-proof door. 

d, ash-pit under fire-«rate. 

e, upper doorway for orawing kiln, dse 



of economizing the fuel, by using the heat which passes off from 
the top of the lower story, and would otherwise oe lost, to heat 
the stone in the upper story ; this story being arranged with a 
side-door, to introduce fuel under its dome of broken stone, and 
complete the calcination when that of the stone in the lower 
story is finished. 

M. Petot ^ves the following general directions for regulating 
the relative dunensions of the parts of the kiln. The greatest 
horizontal section of the kiln is placed rather below the top of the 
dome of broken stone ; the diameter of this section being 1.82, the 
diameter of the grate. The height of the dome above the grate 
is from 3 to 6 feet, according to the quantity of fuel to be con- 
sumed hourly. The bottom of the kiln, on which the piers of the 
dome rest, is from 4 to 6 inches above the top of the grate ; the 
diameter of the kiln at this point being about 2 feet 9 inches 
greater than that of the grate. The diameter of the horizontal 
section at top is 0.63, the diameter of the greatest horizontal sec- 
tion. The horizontal sections of the kiln diminish from the section 
near the top of the dome to the top and bottom of the kiln ; the 
sides of the kibi receiving the form shown in Fig. 3 : the object 
of contracting the kiln towards the bottom being to allow the stone 
near the bottom of the kiln to be thoroughly burned by the radiated 
Ileal The grate is formed of cast-iron bars oi the usual fonn 

4 
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the area of the spaces between the bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be on 
•the same level as the exterior ground, is placed 18 inches below 
the grate ; and at the entrance to the ash-pit is placed a reservoir 
for water, about 18 inches in depth, to furnish an aqueous cur- 
rent. The draft through the grate is regulated by a lateral air- 
channel to the ash-pit, which can be totaUy or partially shut by a 
valve ; the area of the cross section of this channel is one tenth 
the total area of the grate. A square opening 16 inches wide, 
the bottom of which is on a level with the bottom of the kiln, 
leads to the dome for the supply of the fuel. This opening is 
closed with a fire-proof and air-tight door. 

In arranging a kiln with two stories, M. Petot states, that the 
grates of the upper story are so sooii destroyed by the heat, that 
it is better to suppress tnem, and to place the fuel for completing 
the calcination of the stone of this story, on the top of the burnt 
stone of the lower story. 

67. Slaking Lime. Quick-lime may be slaked in three dif- 
ferent ways. By pouring sufficient water on the burnt stone to 
convert tlie slaked hme into a thin paste, which is termed drown^ 
ing the hme. By placing the burnt stone in a basket, and im- 
mersing it for a few seconds in water, during which time it will 
hnbibe enough water to cause it to fall, by slaking, into a dry 
powder ; or by sprinkling the burnt stone with a sufficient quan- 
tity of water to produce the same effect. By allowing the stone 
to slake spontaneously, from the moisture it imbibes from the 
atmosphere, which is termed air-slaking, 

68. Opinion seems to be settled among engineers, that drown- 
ing is the worst method of slaking lime which is to be used for 
mortars. When properly done, however, it produces a finer paste 
than cither of the otlier methods ; and it may therefore be resorted 
to whenever a paste of this character, or a whitewash is wanted. 
Some care, however, is requisite to produce this result. The 
stone should be fresh from the kiln, otherwise it is apt to slake 
into lumps or fine grit. All the water used should be poured 
over the stone at once, which should be arranged in . a basin or 
vessel, so that the water surrounding it may be gradually imbibed 
as the slaking proceeds. If fresh water be added during the slak- 
ing, it checks tlic process, and causes a gritty paste to form. 

69. In slaking by immersion, or by sprinkling with water, the 
stone should be reduced to small-sized fragments, otherwise the 
slaking will not proceed uniformly. The fat limes should be in 
lumps, about the size of a walnut, for immersion ; and, when 
withdrawn from the water, should be placed immediately in bins, 
or be covered with sand, to confine the heat and vapor. If lefi 
ejq^ed to the air, the lime becomes chilled and separates into/a 
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coarse grit, which takes some time to slake thorouglily when 
more water is added. Sprinkhng the Hme is a more convenient 
process than immersion, and is equally good. To effect the slak 
ing in this way, the stone should be broken into fragments of a 
suitable size, which experiment will determine, and be placed in 
small heaps, surrounded by sufficient sand to cover tliem up when 
the slaking is nearly completed. The stone is then sprinkled 
with about one fourth its bulk of water, poured tlu-ough the rose 
of a watering-pot, those lumps which seem to slake most slug- 
gishly receiving the most water ; when the process seems com- 
pleted, the heap is carefully covered over with the sand, and 
allowed to remain a day or two before it is used. 

70. Slaking either by immersion or by sprinkling is considered 
the best. The quantity of water imbibed by lime when slaked 
by immersion, varies with the nature of the Hme ; 100 parts of 
fat lime will take up only 18 parts of water ; and the same quan- 
tity of meager lime will imbibe from 20 to 35 parts. One volume, 
in powder, of the burnt stone of rich lime yields from 1.50 to 
1.70 in volume of powder of slaked lime; while one volume 
of meager lime, under like circumstances, will yield from 1.80 to 
2.18 in volume of slaked hme.. 

71 . Quick lime, when exposed to the free action of the air in 
a dry locaUty, slakes slowly, by imbibing moisture from the at- 
mosphere, with a slight disengagement of heat. Opinion seems 
to be divided with regard to the effect of this method of slaking 
on fat limes. Some assert, that the mortar made from them is 
better tlian that obtained from any other process, and attribute 
this result to the re-conversion of a portion of the slaked lime into 
a carbonate ; others state the reverse to obtain, and assign the 
same cause for it. With regard to hydraulic limes, all agree that 
they are greatly injured by air-slaking. 

72. Air-slaked lat limes increase two fifths in weight, and for 
one volume of quick hme yield 3.52 volumes of slaked lime. The 
meager limes increase one eighth in weight, and for one volume 
of quick lime yield from 1 .75 to 2.25 volumes of slaked lime 

73. The dry hydrates of lime, when exposed to the atmosphere, 
gradually absorb carbonic acid and water. This process pro- 
ceeds very slowly, and the slaked lime never regains all the car- 
bonic acid which is driven off by the calcination of the lime-stone. 
When converted into a thick paste, and exposed to the air, the 
hydrates gradually absorb carbonic acid ; this action first takes, 
place on the surface, and proceeds more slowly from year to 
year towards the interior of the exposed mass. The absorption 
of gas proceeds more rapidly in the meager than in the fat limes. 
Those nydrates which are most thoroughly slaked become hard- 
est. The hydrates of the pure fat limes become in time veiy 
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hard, while those of the hydraulic limes become only moderately 
hard. 

74. The fat limes, when slaked by drowning, may be pre- 
served for a long period in the state of paste, if placed in a damp 
situation and kept from contact with the air. They may also be 
preserved for a long time without change, when slaked by im- 
mersion to a dry powder, if placed in covered vessels. Hydraulic 
limes, under similar circumstances, will harden if kept in the state 
of paste, and will deteriorate when in powder, unless kept in 
perfectly air-tight vessels. 

75. The hydrates of fat lime, from air-slaking or immersion, 
require a smaller quantity of water to reduce them to the state of 
paste than the others ; but, when inunersed in water, tliey grad- 
ually imbibe their full dose of water, the paste becoming thicker, 
but remaining unchanged in volume. Exposed in this way, the 
water will in time dissolve out all the lime of the hydrate which 
has not been re-converted into a sub-carbonate, by the absorption 
of carbonic acid before immersion ; and if the water contain car- 
bonic acid, it will also dissolve the carbonated portions. 

76. The hydrates of hydraulic lime, when immersed in water 
in the state of thin pastes, reject a portion of the water from the 
paste, and become hard in time ; ii the paste be very stiff, they 
imbibe more water, set quickly, and acquire greater hardness in 
time than the soft pastes. The pastes of the hydrates of hydrau- 
lic lime, which have hardened in the air, will retain their hardness 
when placed in water. 

77. The pastes of the fat limes shrink very unequally in drying, 
and the shrinkage increases with the purity of the Ume ; on this 
account it is difficult to apply them alone to any building purposes, 
except in very thin layers. The pastes of the hydraulic limes 
can only be used with advantage under water, or where they are 
constantly exposed to humidity ; and in these situations they are 
never used ah>ne, as they are found to succeed as well, and to 
present more economy, when mixed with a portion of sand. 

78. Manner of Reducing Hydraulic Cement. As the cement 
stones vrill not slake, they must be reduced to a fine powder by 
some mechanical process, before they can be converted into a 
hydrate. The methods usually employed for this purpose con- 
sist in first breaking the burnt stone into small fragments, either 
under iron cylinders, or in mills suitably formed for this pur- 
pose, which are next ground between a pair df stones, or else 
crushed by an iron roller. The coarser particles are separated 
from the fine powder by Uie ordinary processes with sieves. Th« 
powder is then carefully packed in air-tight casks, and kept for use. 

79. Hydraulic cement, like hydrauhc lime, deteriorates by 
exposure to the air, and may in time lose all its hydraulic prop- 
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eities. On this account it should, be used when fresh from the 
kib ; for, however carefully packed, it cannot be well preserved 
when transported to any distance. 

80. The deterioration of hydraulic cements, from exposure to 
the air, arises, probably, from a chemical disunion between the 
constituent elements of the burnt stone, occasioned by the ab- 
sorption of water and carbonic acid. When injured, their energy 
can be restored by subraittmg them to a much slighter degree of 
heat than that which is requisite to calcine the stone suitably in 
the first instance. From the experiments of M. Petot, it appears 
that a red heat, kept up for a short period, is sufficient to restore 
damaged hydraulic cements. 

81. Arttfidal Hydraulic Limes and Cements. The discovery 
of the argillaceous character of the stones which yield hydrauUc 
limes and cements, connected with the fact that brick reduced to 
a fine powder, as well as several substances of volcanic origin 
having nearly the same constituent elements as ordinary brick, 
when mixed in suitable proportions with common lime, will yield 
a paste that hardens under water, has led, within a recent period, 
to artificial methods of producing compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. M. Vicat was the first to point out the method of forming 
an artificial hydraulic lime, by mixing common lime and unbumt 
clay, in suitable proportions, and then calcining them. The ex- 
periments of M. Vicat have been repeated by several eminent 
engineers with complete success, and among others by General 
Pasley, who, in a recent work by him, Observations on LimeSy 
Calcareous Cements, &c., has given, with minute detail, the results 
of his experiments ; from wliich it appears that an hydrauUc ce- 
ment, fully equal in quality to that obtained from natural stones, 
can be made by mixing common lime, either in the state of a 
carbonate or of a hydrate, with clay, and subjecting the mixture 
to a suitable degree of heat. In some parts of K-ance, where 
chalk is found abundantly, the preparation of artificial hydraulic 
lime has become a brancli of manufacture. 

83. Different methods have been pursued in preparing this 
material, the main object being to secure the finest mechanical 
division of the two ingredients, and their thorough mixture. For 
this purpose the lime-stone, if soft Uke chalk or tufa, may be re- 
duced in a wash-mill, or a rolling-mill, to the state of a soft pulp; 
it is then incorporated with the clay, by pdssing them through a 
pug-mill. The mixture is next moulded into small blocks, or 
m!iae up into balls between 2 and 3 inches diameter, by hand, 
and \i ell dried. The balls are placed in a kiln,*— suitably calcined, 
?u)d are finally slaked, or ground down fiine for use. 

84. If the lime-stone be hard, it must be calcined and slaked 
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in the usual manner, before it can be mixed with the clay. The 
process for mixing the ingredients, their calcination, and farther 
preparation for use, are the same as in the preceding case. 

85. Artificial hydraulic lime, prepared from the hard lime- 
stones, is more expensive than that made from the soft ; but it is 
stated to be supenor in quaUty to the latter. 

86. As clays are seldom free from carbonate of lime, and as 
the lime-stones which yield common or fat Ume may contain some 
portion of clay, the proper proportions of the two ingredients, to 

Eroduce either an hydraulic lime or a cement, must be determined 
y experiment in each case, guided by a previous analysis of the 
two ingredients to be tried. 

If the lime be pure, and the clay be free from lime, then tlie 
combinations in the proportions given in the table of M. Petot will 

g've, by calcination, like results witli the same proportions when 
und naturally combined. 

87. Puzzotana^ &c. The practice of usinff brick or tile-dust, 
or a volcanic substance known by the name of puzzolana, mixed 
with common lime, to form an hydraulic lime, was known to the 
Romans, by whom mortars composed of these materials were 
extensively used in their hydrauhc constructions. This practice 
has been more or less followed by modern engineers, who, until 
within a few years, eitlier used the puzzolana of Italy, where it 
is obtained near Mount Vesuvius, in a pulverulent state, or a ma- 
terial termed Trass^ manufactured in Holland, by grinding to a fine 
powder a volcanic stone obtaiaed near Andemach on the Rhine. 

Experiments by several eminent chemists have extended the 
list of natural substances which, when properly burnt and reduced 
to powder, have the same properties as puzzolana. They mostly 
belong to the feldspathic and schistose rocks, and are either fine 
sand, or clays more or less indurated. 

Thefollowing Table gives the results of analyses of Puzzolana^ 
Trassy a Basalty and a Schistusy ivhich, when burnt andpow* 
deredy were found to possess the properties of puzzolana. 



Silica 


PllZXOlftO&> 


Tnas. 


Basalt 


Schiitna. 


0.445 


0.570 


44.50 


46.00 


Alumina 


O.lftO 


0.130 


16.75 


26.00 


Lime 


0.088 


0.026 


9.50 


4.00 


Magnesia 


0.047 


0.010 


- 


- 


Oxide of iron .... 


0.120 


0.050 


20.00 


14.00 


Oxide of manganese 


- 


- 


2.37 


8.00 


Potassa 


0.014 


0.070 


— 


— 


Soda 


0.030 


0.010 


2.60 


« 


Water and loss .... 


0.106 


0.144 


4.28 


2.00 


1.000 


1.000 


100.00 


100.00 
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88. All of these substances, when prepared artificially, are now 
generally known by the name of artificial puzzolanas, in contra- 
distinction to those which occur naturally. 

89. General Treussart, of the French Corps of Military Engi- 
neers, first attempted a systematic investigation of the properties 
of artificial puzzolanas made from ordinary clay, and of the best 
manner of preparing them on a large scale. It appears from the* 
results of his experiments, that the plastic clays used for tiles, or 
pottery, which are unctuous to the touch, the alumina in them 
being in the proportion of one fifth to one third of the silica, fur- 
nish the best artificial puzzolanas when suitably burned. The 
clays which are more meager, and harsher to the touch, yield an 
inferior article, but are in some cases preferable, from the greater 
i*.ase with which they can be reduced to a powder. 

90. As the clays mostly contain L'me, magnesia, some of the 
metallic oxides, and alkaline salts. General Treussart endeavored 
to ascertain the influence of these substances upon the qualities of 
the artificial puzzolanas firom clays in which they are found. He 
states, that the carbonate of potash and the muriate of soda seem 
to act beneficially ; that magnesia seems to be passive, as well 
as tlie oxide of iron, except when the latter is found in a large 
proportion, when it acts hurtfuUy ; and that the hme has a mate- 
rial influence on the degree of heat required to convert the claY 
into a good artificial puzzolana. 

91. The management of the heat, in the preparation of this 
material, seems of the first consequence ; and General Treussart 
recommends that direct experiment be resorted to, as the most 
certain means of ascertaining the proper point. For this purpose, 
specimens of the clay to be tried may be kneaded into balls as 
large as an egg, and the balls, when dry, be submitted to different 
degrees of heat in a kiln, or furnace, through which a current of 
air must pass over the balls, as this last circunastance is essential 
to secure a material possessing the best hydraulic qualities. Some 
of the balls are withdrawn as soon as their color indicates that 
they are underbumt ; others when they have the appearance of 
well-burnt brick ; and others when their color shows that they 
are overbunit, but before they become vitrified. The burnt balls 
are reduced to an impalpable powder, and this is mixed with a 
hydrate of fat lime, in the proportion of two parts of the powder 
U ine of hme in paste. Water is added, if necessary, to bring 
tl*c difierent mixtures to the consistence of a thick pulp; and they : 
are separately placed in glass vessels, covered with water, and 
allowed to remain until they harden. The compound which 
hardens most promptly will indicate the most suitable degree of 
heat to be applied. 

.92. As the arbonates of lime, of potash, and of soda, act as 
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fluxes on silica, tlie presence of either one of them will modify 
the degree of heat necessary to convert the clay into a good natu- 
ral puzzolana. Clay, containing about one tenth of lime, should 
be brought to about me state of slightly-burnt brick. The ochreous 
clays require a higher degree of heat to convert them into a good 
material, and should be burnt until they assume the appearance 
of well-burnt brick. The more refractory clays will bear a still 
higlier degree of heat ; but the calcination should in no case be 
carried to the point of incipient vitrification. 

93. The quantity of lime contained in the clay can be readily 
ascertained beforehand, by treating a small portion of the clay, 
diffused in water, with enough muriatic acid to dissolve out the 
lime ; and this last might serve as a guide in the preliminary 
stages of the experiments. 

94. General Treussart states, as the results of his experiments, 
that tlie mixture of artificial puzzolana and fat lime forms an hy- 
draulic paste superior in quality to that obtained by M. Vicat's 
process for making artificial hydrauUc lime. M. Curtois, a French 
civil engineer, in a memoir on these artificial compounds, pub- 
lished in the Annales des Fonts et Cliaussiesy 1834, and General 
Pasley, more recently, adopt the conclusion of General Treussart. 
M. Vicat's process appears best adapted when chalk, or any very 
soft lime-stone, which can be readily converted to a soft pulp, is 
used, as offering more economy, and. affording an hydraulic hme 
which is sufliciently strong for most building purposes. By it 
General Pasley has succeeded in obtaining an artificial hydraulic 
cement, which is but little, if at all, inferior to the best natural 
varieties ; a result which has not been obtained from any com- 
bination of fat lime with puzzolana, whether natural, or artificial. 

96. All the puzzolanas possess the important property of not 
deteriorating by exposure to the air, which is not the case witli 
any of the hydraulic limes, or cements. This property may ren- 
der them very serviceable in many locaUties, where only common, 
or feebly hydraulic lime can be obtained. 

MORTAR. 

96. Mortar is any mixture of lime in paste with sand. It may 
be divided into two principal classes ; Hydraulic mortar^ which is 
made of hydraulic hme, and Common mortar, made of common 
lime. 

97. The term Gh-out is applied to any mortar in a thin or fluid 
state ; and the terms Concrete and Beton, to mortars incorporated 
wiiii gravel and small fragments of stone or brick. 

98. Mortar is used for various purposes in building. It serves 
ai a cement to unite blocks of stone, or brick. In concrete and 
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beton, which may be regarded as artificial conglomerate stones^ 
it forms the matrix by which the gravel and broken stone are 
held together ; and it is the principal material with which the ex- 
terior surfaces of walls and the interior of edifices are coated. 

99. The quality of mortars, whether used for structures ex- 
posed to the weather, or for those immersed in water, will depend 
upon the nature of the materials used ; — their proportion ; — ^ihe 
manner in which the hme has been converted into a paste to re- 
ceive the sand ; — and the mode employed to mix the ingredients. 
Upon all of these points experiment is the only unerring guide for 
the engineer ; for the great diversity in the constituent elements 
of lime-stones, as well as in the other ingredients of mortars, must 
necessarily alone give rise to diversities in results ; and when, to 
these causes of variation, are superadded those resulting from 
different processes pursued in the manipulations of slaking the 
lime and mixing the ingredients, no surprise should be felt at the 
seemingly opposite conclusions at which writers, who have pur- 
sued the subject experimentally, have arrived. From the great 
mass of facts, however, presented on this subject within a few 
years, some general rules may be laid down, which the engineer 
may safely follow, in the absence of the means of making direct 
experiments. 

100. Sand. This material, which forms one of the ingredients 
of mortar, is the granular product arising from the disintegration 
of rocks. It may, therefore, like the rocks from wliich it is de- 
rived, be divided into three principal varieties — the silicious, the 
calcareous, and the argillaceous. 

Sand is also named from the locality where it is obtained, as 
jntsandy which is procured from excavations in alluvial, or other 
deposites of disintegrated rock ; river-sand and sea-sand, which 
are taken from the shores of the sea, or rivers. 

Builders again classify sand according to the size of the grain. 
The term coarse sand is applied when the grain varies between 
}th and yV^h of an inch in diameter ; the term Jine sand, when 
the grain is between ^\iti and ^'^th of an inch in diameter ; and 
the term mixed sand is used for any mixture of the two prece- 
ding kinds. 

101. The silicious sands, arising from the quartzose rocks, are 
the most abundant, and are usually preferred by builders. The 
calcareous sands, from hard calcareous rocks, are more rare, but 
form a good ingredient for mortar. Some of the argillaceous sandi 
possess the properties of the less energetic puzzolanas, and are 
therefore veiy valuable, as forming, wim common lime, an arti- 
ficial hydraulic lime. 

102. The property which some argillaceous sands possess, of 
bmaing with common, or slightly hydrauVc lime a compound which 

5 
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will harden under water, has been long known in France, where 
these sands are termed arines. The sands of this nature are 
usually found in hillocks along river valleys. These hillodLS 
sometimes rest on calcareous rocks, or argillaceous tufas, and are 
frequently formed of alternate beds of the sand and pebbles. The 
sand is of various colors, such as yellow, red, and green, and 
seems to have been formed from the disintegration of clay in a 
more or less indurated state. The arenes are not as energetic as 
either natural or artificial puzzolanas ; still they form, wiSi com- 
mon lime, an excellent mortar for masonry exposed either to the 
open air, or to humid localities, as the foundations of edifices. 

103. Pit-sand has a rougher and more angular grain than river 
or sea sand ; and, on this account, is generally preferred by build- 
ers for mortar used for brick, or stone-work. Whether it forms a 
stronger mortar than the other two is not positively settled, al- 
though some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering, 
because they are whiter, and have a finer and more uniform grain 
than pit S£uid ; but as the sands from the shores of tidal waters 
contain salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in fresh water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirt, 
or clay ; and these, when found in any notable quantity in it, give 
a weak and bad mortar. Earthy sands should, therefore, be 
cleansed from dirt before using diem for mortar ; this may be 
effected by washing the sand in shallow vats, and allowing the 
turbid water, in which the clay, dust, and other like impurities 
are held in suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the fingers when rubbed between them. 

107. Hydraulic mortar. This material may be made from 
the natural hydraulic hmes ; from those which are prepared hy 
M. Vicat's process ; or from a mixture of common, or feebly hy- 
draulic lime, with a natural or artificial puzzolana. All writers, 
however, agree that it is better to use a natural than an artificial 
hydraulic lime, when the former can be readily procured. 

108. When the Ume used is strongly hydraulic, M. Vicat is 
of opinion that sand alone should be used with it, to form a good 
hydraulic mortar. General Treussart has drawn the conclusion, 
from his experiments, that the mortar of all hydraulic limes is 
improved by an addition of a natural or artificial puzzolana. The 
quantity of sand used may vary from 1 f to 2 parts of the lime, 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of common, feeble, or ort 
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dinaiy hydraulic limes, and artificial puzzolana, M. Vicat statet 
that the puzzokna should be the weaker as the lime is more 
strongly hydraulic ; using, for example, a very energetic ])uzzo« 
lana with a fat, or a feebly hydraulic Hme. The proportion of 
sand which can be incorporated with these ingredients, to form an 
hydraulic mortar, is stated by General Treussart to be one vol- 
ume to one of puzzolana, and one of lime in paste. 

110. In proportioning the ingredients, the object to which tlie 
mortar is to be appUed should be regarded. When it is to serve 
10 unite stone, or brick work, it is better that the hydraulic lime 
should be rather in excess : when it is used as a matrix for belon, 
no more lime should be used than is strictly required. No hann 
will arise from an excess of good hydraulic lime, in any case ; but 
an excess of common Ume is injurious to the quality of the mortar. 

111. Common and ordinary hydraulic limes, when made into 
mortar with arenes, give a good material for hydraulic purposes. 
The proportions in which these have been found to succeed well, 
are one of lime to three of ardnes. 

112. Hydraulic cement, from the promptitude with which it 
hardens, both in the air and under water, is an invaluable mate- 
rial where this property is essential. Any dose of sand injures 
its properties as a cement. But hydrauUc cement may be aaded 
with decided advantage to a mortar of common, or of feebly hy 
draulic hme and sand. It is in this way that it is generally used 
in our^pubhc works. The French engineers give the preference 
to a good hydraulic mortar over hydraulic cement, both for uniting 
stone, or brick work, and for plastering. They find, from their 
practice, that when used as a stucco, it does not withstand well 
the eflfects of weather ; that it swells and cracks in time ; and, 
when laid on in successive coats, that they become detached from 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hydraulic cements, does not agree with 
the French engineers in his conclusions. He states that, when 
skilfully applied, hydrauhc cement is superior to any hydrauhc 
mortar for masonry, but that it must be used only in thin joints ; 
and, when appUed as a stucco, that it should be laid on in but one 
coat ; or, if it be laid on in two, the second must be added long 
before the first has set, so that, in fact, the two make but one 
coat. By attending to these precautions. General Pasley states 
that a stucco of hydraulic cement and sand will withstand per- 
fectly the effects of frost. 

113. Mortars exposed to weather. The French engineers, 
who have paid great attention to the subject of mortars, coincide 
in the opinion, mat a mortar cannot be made of fat lime and any 
inert sands, hke those of the silicious, or calcareous kinds, which* 
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will withstand the ordinary exposure of weather ; and that, to 
obtain a good mortar for tiiis purpose, either the hydraulic limes 
mixed with sand must be employed, or else common lime mixed 
either with arenes, or with a puzzolana and sand. 

1 14. Any pure sand mixed in proper proportions with hydraulic 
lime, will give a good mortar for the open air ; but the hardness 
of the mortar will be affected by the size of the grain, particularly 
when hydraulic lime is used. Fine sand yicld!s the best mortar 
with good hydraulic lime ; mixed sand witn the feebly hydraulic 
limes ; and coarse sand with fat lime. 

115. The proportion which the lime should bear to the sand 
seems to depend, in some measure, on the manner in which the 
lime is slaked. M. Yicat states, that the strength of mortar made 
of a stiff paste of fat lime, slaked in the ordinary way, increases 
from 0.50 to 2.40 to one of the paste in volume ; and that, when 
the lime is slaked by immersion, one volume of the like paste will 
give a mortar that increases in strength from 0.50 to 2.20 parts 
of sand. 

For one volume of a paste of hydraulic lime, slaked in the or- 
dinary way, the strength of tlie mortar increases from to 1.80 
parts of sand ; and, when slaked by immersion, the mortar of a 
like paste increases in strengtli from to 1 .70 parts of lime. In 
every case, when the dose of sand was increased beyond these 
proportions, the strength of the resulting mortar was found to 
decrease. 

116. Manipulations of Mortar. The quality of hydraulic mor- 
tar, which is to be immersed in water, is more anected by the 
manner in which the lime is slaked, and the ingredients mixed, 
than that of mortar which is to be exposed to the weather ; al- 
though in both cases the increase of strength, by the best manipu- 
lations, is sufficient to make a study of them • a matter of some 
consequence. 

117. The results obtained from the ordinary method of slak- 
ing, by sprinlding, or by inunersion, in liie case of good hydraulic 
limes, are nearly the same. Spontaneous, or air-slaking, gives 
invariably the worst results. For common and slightly hydrauUc 
lime, M. Vicat states that air-slaktng yields the best results, and 
ordinary slaking the worst. 

118. The ingredients of mortar are incorporated either by 
manual labor, or by machinery : the latter method gives results 
superior to the former. The machines commonly used for mix- 
ing mortar are either the ordinary pug-mill (Fig. 4) employed by 
brickmakers for temperinff clay, or a grindmg-mill, (Fi^. 5.) 
The gnnding-mill is the oest machine, because it not oiuy re- 
duces the lumps, which are found in the most carefully burnt 
tlQDe, after the shaking is apparently complete, but it brings the 
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Hme to the state of a unifonn stiff paste, which it should leoeiya 
before the sand is incorporated with it. Care should be taken 




Fig. 4 npnesents a yeitical section through 
the axis of a pag-miU, for mixiDg or 
temperiDg mortar.— This mill consMts 
of a nooped vessel, of the form of a co- 
nical fVostum, which receiyes the in- 
gredients, and a vertical shaft, to which 
arms with teeth, resembling an ordi- 
nary rake, are attached, for the paipost 
of mixinf( Uie ingredients. 

A, A, section of sides of the veflsel. 

B, vertical shaft to which the arms C ara 
affixed. 

D, horizontal bar for giving a circular mo- 
tion to tiie sliaft B. 

E, sills of timber supporting the mill. 

F, wrougUt-iron support through whicli 
the upper part of tlie shaA ] 




not to add too much water, particularly when the mortar is to be 
immersed in water. The mortar-mill, on this account, should be 
sheltered from rain ; and the quantity of water with which it is 

Fig. 5 represents a part of a mill for crushing the 
ume and temnering the mortar. 

A, heavy wheel of timber, or cast iron. 

B, horizontal bar passing tli rough the wheel, which 
at one extremitv is fixed to a vertical shaft, and 
is armnged at the other (C) witli the proper gear- 
ing for a horse. 

D, a circnlar trough, with a trapezoidal cross sec- 
tion which receives the ingredientB to be mixed. 
The troufrh may be fhnn 90 to 30 feet in diameter ; 
about 18 mches wide at top, and 13 inches deep ; 
and be built of hard brick, stone, or timber laid on 
a firm foundation. 

•applied may vary with the state of the weather. Nothing seems 
to be flained by carrying the process of mixing, beyond obtaining 
a uniform mass of the consistence of plastic clay. Mortars of 
hydraulic lime are injured by long exposure to the air, and fre- 
quent turnings and mixings with a shoyel or spade ; those of 
common lime, under like circumstances, seem to be improved. 
Mortar, which has been set aside for a day or two, will become 
sensibly firmer ; if not allowed to stand too long, it may be again 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

119. Setting and Durability of Mortars. Mortar of common 
lime, without any addition of puzzolana, will not set in humid 
situations, hke the foundations of edifices, until after a very long 
lq»e of time. They set very soon when exposed to the air, or 
Id an atmosphere of carbonic acid gas. If, after having become 
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hard in the open air, tliey are placed under water, they in timf 
lose their cohesion and fall to pieces. 

120. Common mortars, which have had time to harden, resist 
the action of severe frosts very well, if they are made rather poor, 
or with an excess of sand. The sand should be over 2.40 parts, 
in bulk, to one volume of the lime in paste ; and coarse sand i» 
found to give better results than fine sand. 

121. Good hydraulic mortars set equally well in damp situa- 
tions, and in the open air ; and those which have hardened in the 
air will retain their hardness when immersed in water. They 
also resist well the action of frost, if they have had time to set 
before exposure to it ; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The surface of a mass of hydraulic mortar, whether made 
of a natural hydraulic lime or otherwise, when immersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very thin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it from the farther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic lime, or of the puzzolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of lime, set more slowly than when the lime is in 
a just proT)ortion to the other ingredients. 

124. The quick-setting hydraulic Umes are said to furnish a 
mortar which, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydraulic hmes. Ar- 
tificial hydrauUc mortars, on the contrary, which set quickly, 
gain, in time, more strength and hardness than those which set 
slowly. 

125. The time in which hydraulic mortars, immersed in water, 
attain their greatest hardness, is not well ascertained. Mortars 
made of strong hydraulic limes do not show any appreciable in- 
crease of hardness aft^r the second year of their immersion ; while 
the best artificial hydrauhc mortars continue to harden, in a sen- 
sible degree, during the third year after their immersion. 

126. Theory of Mortars. The paste of a hydrate, either of 
common or of hydraulic lime, when exposed to the air, absorbv 
carbonic acid gas from it ; passes to the state of sub-carbonate of 
lime ; vnthout, however, rejecting the water of the hydrate, and 
graduaUy hardens. The time required for the complete satuia 
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tion of the mass exposed, will depend on its bulk. The absorp- 
tion of the gas commences at tne surface and proceeds more 
slowly towards the centre. The hardening of mortars exposed 
to the atmosphere, is generally attributed to this absorption of the 
gas, as no chemical action of lime upon quartzose sand, which is 
3ie usual kind employed for mortars, has hitherto been detected 
by the most careful experiments. 

127. With regard to hydraulic mortars, it is difficult to account 
for their hardening, except upon the effect which the silicate of 
lime may have upon tJie excess of simple hydrate of uncombined 
lime contained in the mass. M. Petot supposes, that the parti- 
cles of silicate of lime form so many centres, around whicn the 
uncombined hydrates group themselves in a crystalline form; 
becoming thus sufficiently hard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydraulic 
mortars, M. Petot thinks that the grains produce the same me- 
chanical effect as the particles of the silicate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete. This term is applied, by EngUsh architects 
and engineers, to a mortar of finely-pulverized quick-lime, sand, 
and gravel. These materials are first thoroughly mixed in a dry 
state, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is then rapidly worked up by a 
shovel, or else passed through a pug-mill. 1 he concrete is used 
inmiediately after the materials are well incorporated, and while 
the mass is hot. 

129. The materials for concrete are compounded in various 
proportions. The most approved are those in which the lime 
and sand are in the proper proportions to form a good mortar, 
and the gravel is ivrice the bulk of the sand. The gravel used 
should be clean, and any pebbles contained in it larger than 
an egg, should be broken up before the materials are incorpo- 
rated. 

130. Hot water has in some cases been used in making con- 
crete. It causes the mass to set more rapidly, but is not other- 
wise of any advantage. 

131 . The bulk of a mass of concrete, when first made, is found 
to be about one fifth less than the total bulk of the dry materials. 
But, as the lime slakes, the mass of concrete is found to expand 
about three eighths of an inch in height, for every foot of the mass 
ill depth. 

132. The use of concrete is at present mostly restricted to 
forming a solid bed, in bad soils, for the foundations of edifices. 
It has also been used to form blocks of artificial stone, for the 
walls of buildings and other like purposes ; but experience haa 
ahown^ that it possesses neither the durability nor strength requi 
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site for structures of a permanent character, when exposed to die 
action of water, or of the weather. 

133. Beton. The term beton is appUed, by French engineers, 
to any mixture of hydraulic mortar witn fragments of brick, stone, 
or gravel ; and it is now also used by EngUsh engineers in the 
same sense. 

134. The proportions of the ingredients used for beton are va- 
riously stated by different authors. The sole object for which 
the gravel, or the broken stone is used, beinff to obtain a more 
economical material than a Uke mass of hycuraulic mortar alone 
would yield, the quantity of broken stone should be as great as 
can be thoroughly united by the mortar. The smallest amount of 
mortar, therefore, that can be used for this purpose, will be that 
which will be just equal in volume to the void spaces in any given 
bulk of the broken stone, or gravel. The proportion which the 
volume occupied by the void spaces bears to any bulk of a loose 
material, like broken stone, or gravel, may be readily ascertained 
by filling a vessel of known capacity witli the loose material, and 
pouring in as much water as the vessel will contain. The vol- 
ume of water thus found, will be the same as that of the void 
spaces. 

135. Beton made of mortar and broken stone, in which the 
proportions of the ingredients were ascertained by the process 
just detailed, has been found to give satisfactory results ; but, in 
order to obviate any defect arising from imperfect manipulation, 
it is usual to add an excess of mortar above that of the void 
spaces. 

The best and most economical beton is made of a mixture of 
broken stone, or brick, in fragments not larger than a hen's egg, 
and of coarse and fine gravel mixed in suitable proportions. 

136. In making beton, the mortar is first prepared, and then 
incorporated with the finer gravel ; the resulting mixture is spread 
out into a cake, 4 or 6 inches in thickness, over which the coarser 
gravel and broken stone are uniformly strewed and pressed down, 
me whole mass being finally brought to a homogeneous state witti 
the hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
IS superior in every respect, but particularly so for foundations 
laid under water, or in humid localities. 

137. Adherence of Mortar, The force with which mortars in 
general adhere to omer materials, depends on the nature of the 
material, its texture, and the state of the surface to which the 
mortar is appUed. 

138. Mortar adheres most strongly to brick ; and more feebly 
to wood than to any other material. Among stones, its adhesion 
to lime-stone is generally greatest ; and to basalt and sand-stones. 



MASTTCS. 41 

least. Among stones of the same class, it adheres generally bet* 
ter to the porous and coarse-grained, than to the compact and 
fine-erainecL Among surfaces, it adheres more strongly to the 
rough than to the smooth. 

139. The adhesion of common mortar to brick and stone, for 
the first few years, is greater than the cohesion of its own parti- 
cles. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti- 
cles : and. from some recent experiments of Colonel Pasley, on 
this subject, it would seem that hydraulic cement adheres with 
nearly the same force to poUshed surfaces of stone as to rough 
surfaces. 

140. From experiments made by Rondelet, on the adhesion of 
common mortar to stone, it appears that it required a force vary- 
ing from 15 to 30 pounds on the square inch, applied perpendicu- 
lar to the plane of the joint, to separate the mortar and stone 
after six months union ; whereas, only 5 pounds to the square 
inch was required to separate the same surfaces, when applied 
parallel to the plane of the joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydrauUc cement to stone, may be taken as 
high as 125 pounds on the square inch, when the joint has had 
time to harden throughout; but, he remarks, that as in large 
joints the exterior part of the joint may have hardened while the 
interior still remains soft, it is not safe to estimate the adhesive 
force, in such cases, higher than from 30 to 40 pounds on the 
square inch. 

MASTICS. 

141. The term Mastic is generally applied to artificial or natu- 
ral combinations of bituminous or resinous substances with other 
in^edients. They are converted to various uses in constructions, 
eimer as cements tor other materials, or as coatings, to render them 
impervious to water. 

142. Bituminous Mastic. The knowledge of this material 
dates back to an early period ; but it is omy within, compara- 
tively speaking, a few years that it has come into common use in 
Europe and tms country. The most usual form in which it is 
now employed, is a combination of mineral «tar and powdered 
bituminous lime-stone. 

143. The localities of each of these substances are very nu- 
merous ; but they are chiefly brought into the market from several 
places in Switzerland and Irance, where these minerals are found 
m peat abundance ; the most noted being Val-de-Travers in 
Switzerland, and Seyssel in France. 

144. The mineral tar is usually obtained by boiling in water a 

6 
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soft sand-Stone, called by the French molasses which is stroiiglj 
impregnated with the tar. In this process, the tar is disengaged 
and rises to the surface of the water, or adheres to the sides of 
the vessel, and the earthy matter remains at the bottom. Ad 
analysis of a rich specimen of the Seyssel bituminous sand-stone 
gave the following results : — 

Bitamioous oil . .086 } -o:^^^ iaa 

Carbon . . . .030^^^"^" ' '^^ 

Quartzy grains 690 

Calcaroous grains S04 



LOGO 



146. The bituminous lime-stone which, when reduced to a 
powdered state, is mixed with the mineral tar, is known at the 
localities mentioned by the name of dsphaltum, an appellation 
which is now usually given to the mastic. This lime-stone occurs 
in the secondary formations, and is found to contain various pro- 
portions of bitumen, varying mostly from 3 to 15 per cent., with 
the other ordinary minerals, as argile, &c., which are met with 
in this formation. 

146. The bituminous mastic is prepared from these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirring in tlie proper proportion of the powdered lime- 
^3tone. This operation, although very simple in its kind, requires 
great atteniion and skill on the part of the workmen in managing 
the fire, as the mastic may be injured by too low, or too high a 
degree of heat. The best plan appears to be, to apply a brisk 
fire until the boiling liquid commences to give out a thin whitish 
vapor. The fire is then moderated and kept at a uniform state, 
and the powdered stone is gradually added, and mixed in with the 
tar by stirring the two well together. When the temperature has 
been raised too high, the heated mass gives out a yellowish or 
brownish vapor. In this state it should-be stirred rapidly, and be 
removed at once from the fire. 

147. The asphaltic stone maybe reduced to powder, either by 
roasting it in vessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, the stone is first reduced to 
fragments llie size of an egg. Tliese fragments are put into an 
iion vessel ; heat iS applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. This 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar from evaporation, besides being 
liable .to injury from too great a degree of heat. For grinding, 
the stone is first broken as for roasting. Care should be taken^ 
during the process, to stir the mass frequently, otherwise it may 
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fonn into a cake. Cold dT weather is the best season for this 
operation; the stone, however, should not be exposed to the 
weather. 

148. Owing to the variable quantity of mineral tar in bitumi- 
nous lime-stone, the best proportions of the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three or 
four per cent, too much of tar, is said to impair both the durability 
and tenacity of the mastic ; while too small a quantity is equally 
prejudicial. Generally, from eight to ten per cent, of the tar, by 
weight, has been found to yield a favorable result. 

149. Mastics have been formed by mixing vegetable tar, pitch, 
and other resinous substances, with litharge, powdered brick, 
powdered lime-stone, <fec. ; but the results obtained have gener- 
ally been inferior to those from bituminous mastic. 

150. Mineral tar is more durable than vegetable tar, and on tliis 
account it has been used alone as a coating for other materials, 
but not with the same success as mastic. Employed in this way, 
the tar in time becomes dry and peels off; whereas, in the fonn 
of mastic, the hard matter with vrhich it is mixed prevents the 
evaporation of the oily portion of the tar, and thus promotes its 
durability. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a variety of forms^ 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ; as a point- 
ing, it is found to be more serviceable, for some purposes, than 
hydraulic cement ; it forms one of the best water-tignt coatings 
for cisterns, cellars, the cappings of arches, terraces, and other 
similar roofings now in use ; and is a good preservative agent for 
wood work exposed to wet or damp. 

^ GLUE. 

152. The common animal glue is seldom used as a cement for 
any other purpose than for the work of the ioiner. Although of 
considerable tenacity, it is weak, brittle, and readily impaired by 
moisture. 

153. Within a few years back, a material termed marine ghie^ 
the invention of Mr. Jeffery of England, has attracted attention in 
England and France, in both which countries its quahties as a 
cement, both for stone and wood, have been tested vvrith the most 
satisfactory results. This composition is said to be made by first 
dissolving caoutchouc in coal naphtha, in the proportion of one 
pound of the former to five gallons of the latter ; to this solution 
an- equal weight of shellac is added, and the composition is then 
placed over a fire and thoroughly mixed by stirring. 
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154. Owing to its insolubility in water, its remarkable tenacity 
and adhesion, and its powers of contraction and expansion through 
a very considerable range of temperature, without becoming either 
rery soft or brittle, the marine glue promises to be not only a val- 
uable addition to tlie resources of the naval arcliitect, but to the 
civil engineer. 

BRICK. 

155. This material is properlv an artificial stone, formed by 
submitting common clay, which has undergone suitable prepara- 
tion, to a temperature sufficient to convert it into a semi-vitrified 
state. 

156. Brick may be used for nearly all the purposes to which 
stone is applicable ; for when carefully made, its strength, hard- 
ness, and durability, are but little inferior to the more ordinary 
kinds of building stone. It remains unchanged under the ex- 
tremes of temperature ; resists the action of water ; sets firmly 
and promptly with mortar ; and being both cheaper and lighter 
than stone, is preferable to it for many kinds of structures, as 
arches, the walls of houses, &c. 

157. The art of brick-making is a distinct branch of the useful 
arts, and does not properly belong to tliat of the engineer. But 
as the engineer is frequently obliged to prepare this material him 
self, the following outline oi the process may prove of service. 

158. The best brick earth is composed of a mixture of pure 
clay and sand, deprived of pebbles ot every kind, but particularly 
of those which contain lime, and pyritous, or other metallic sub- 
stances ; as these substances, when in large quantities, and in the 
form of pebbles, act as fluxes, and destroy the shape of the brick, 
and weaken it by causing cavities and cracks ; but in small quan- 
tities, and equally diffused throughout the earth, they assist the 
vitrification, and give it a more uniform character. 

159. Good brick earth is frequently found in a natural state, 
2tnd requires no other preparation for the purposes of the brick- 
maker. When he is obliged to prepare tne earth by mixing the 
pure clay and sand, direct experiments should, in all cases, be 
made, to ascertain the proper proportions of the two. If the clay 
is in excess, the temperature required to semi-vitrify it, will cause 
it to warp, shrink, and crack ; andt if there is an excess of sand, 
complete vitrification will ensue, under similar circumstances. 

160. The quaUty of the brick depends as much on the care 
bestowed on its manufacture, as on tne quality of the earth. The 
first stage of the process is to free the earth irom pebbles, which 
is most effectually done by digging it out early in the autumn^ 
and exposing it in small heaps to the weather during the winter. 
In the spring, the heaps are carefully riddled, if necessary, and 
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the earth is then in a proper state to be kneaded or tempered. 
The quantity of water required in tempering, will depend on the 
quality of the earth ; no more should be used, than will be suffi- 
cient to make the earth so plastic, as to admit of its being easily 
moulded by the workman. About half a cubic foot of water to 
one of the eartli is, in most cases, a ffood proportion. If too much 
water be used, the brick will not oiuy be very slow in drying, but 
it will, in most cases, crack, owing to the surface becoming com- 
pletely dry, before the moisture of the interior has had time to 
escape ; the consequence of which will be, that the brick, when 
burnt, will be either entirely unfit foif use, or very weak. 

161. Machinery is now coming into very general use in mould- 
ing brick : it is superior to manual labor, not only from the labor 
saved, but from its yielding a better quality of brick, by giving it 
great density, which adds to its strength. 

162. Great attention is requisite in drjring the brick before it 
is burned. It should be placed, for this purpose, in a dry expo- 
sure, and be sheltered from the direct action of the wind and sun, 
in order that the moisture may be carried off slowly and uniformly 
from the entire surface. When this precaution is not taken, the 
brick will generally crack from the unequal shrinking, arising 
from one part drying more rapidly than the rest. 

163. The burning and cooling should be done with equal care. 
A very moderate fire should be applied under the arches of the 
kiln for about twenty-four hours, to expel any remaining moisture 
from the raw brick; this is knovm to be completely effected, 
when the smoke from the kiln is no longer black. The fire is 
then increased until the bricks of the arches attain a white heat ; 
it is ilien allowed to abate in some degree, in order to prevent 
complete vitrification ; and it is alternately raised and lowered in 
this way, until the burning is complete, which may be ascer- 
tained by examining the bricks at the top of the kiln. The 
cooling should be slowly effected ; otherwise the bricks will not 
withstand Uie effects of the weather. It is done by closing 
the mouths of the arches, and the top and sides of the kiln in 
the most effectual manner with moist clay and burnt brick, and 
allowing the kiln to remain in this state until the warmth has 
subsided. 

164. Brick of a good quality exhibits a fine, compact, uniform 
texture, when broken across ; gives a clear ringing sound, when 
struck ; and is of a cherry red, or brownish color. Three varie- 
ties are found in the kiln ; those which form the arches, denom- 
inated arch brick, are always vitrified in part, and present a 
grayish glassy appearance at one end ; they are very hard, but 
orittle, of inferior strength, and set badly with mortar ; those from 
the interior of the kiln, usually denominated bodi/, hard, or cherry 
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bricki are of the best quality ; those from near the top and sidesi 
are generally underbumt, and are denominated soft, pale, or sam^ 
mellnick ; they have neiUier sufficient strength, nor durability, 
for heavy masonry, nor the outside courses of walls, which arc 
exposed to the weather. 

165. The quahty of good brick may be improved by soaking 
it for some days in water, and re-bunung it. This process in- 
creases both the strength and durability, and renders the brick 
more suitable for hydraulic constructions, as it is found not to 
imbibe water so readily after having undergone it. 

166. The size and form of bricks present but trifling variations. 
They are generally rectangular parallelopipeds, from eight to nine 
inches long, from four to four and a haU wide, and from two to 
two and a quarter thick. Tliin brick is generally of a better 
quality than thick, because it can be dried and burned more 
unifonnly. 

167. Fire-brick, This material is used for the facing of fur- 
naces, fireplaces, &c., where a high degree of temperature is to be 
sustained. It is made of a very refractory kind ot pure clay, that 
remains unchanged by a degreeof heat which would vitrify and com- 
pletely destroy ordinary brick. A very remarkable brick of this 
character has been made of agaric mineral; it remains un- 
changed under the highest temperature, is one of the worst con- 
ductors of heat, and so light that it will float on water. 

168. Tiles, As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are strong and 
durable, and are very suitable for the covering of arches, as their 
great weight is not so objectionable here, as in the case of roofs 
formed of frames of timber. 

Tiles should be made of the best potter's clay, and be moulded 
with great care to give them the greatest density and strength. 
They are of very variable form and size ; the worst being the 
llat square form, as, from the liability of the clay to warp in burn- 
ing, they do not make a perfectly water-tight covering. 

WOOD. 

169. This material holds the next rank to stone, owing to its 
durability and strength, and the very gener il use made of it in 
constructions. To suit it to the purposeb of the ennneer, the 
tree is felled after having attained its mature growth, and the 
trunk, the larger branches that spring from the trunk, and the 
main parts of the root, are cut into suitable dimensions, and sea- 
soned, in which state, the term timber is applied to it. The 
crooked, or compass timber of the branches and roots, is mostly 
appUed to the purposes of ship-building, for the knees and other 



WOOD. 47 

Cof the frame-work of vessels, requiring crooked timber, 
trunk famishes all the straight limber. 

170. The trunk of a fuU-erown tree presents three distinct 
parts : the bark^ which forms the exterior coating ; the sap-wood, 
which is next to the bark ; the hearty or inner part, which is easily 
distinguishable from the sap-wood by its greater firmness ancl 
darker color. 

171. The heart forms the essential part of the trunk, as a 
building material. The sap-wood possesses but little strength, 
and is subject to rapid decay, owing to the great quantity of Icr- 
mentable matter contained in it ; and the bark is not only without 
strength, but, if suffered to remain on the tree after it is felled, it 
hastens the decay of the sap-wood and heart. 

172. Trees should not be felled for timber until they have at- 
tained their mature growth, nor after they exhibit symptoms of 
decline ; otherwise, the timber will be less strong, and far less 
durable. Most forest trees arrive at maturity between fifty and 
one hundred years, and commence to decUne after one hundred 
and fifty or two hundred years. The age of the tree can, in most 
cases, be ascertained either by its external appearances, or by 
cutting into the centre of the trunk, and counting the rings, or 
layers of the sap and heart, as a new ring is formed each year in 
the process of vegetation. When the tree commences to decline, 
the extremities oi the old branches, and particularly the top, ex- 
hibit signs of decay. 

173. Trees should not be felled while the sap is in circulation ; 
for this substance is of a pecuUarly fermentable nature, and, there- 
fore, very productive oi^ destruction to the wood. The winter 
months, and July, are the seasons in which trees are felled for 
timber, as the sap is generally considered as dormant during these 
months ; this practice, however, is in part condemned by some 
writers ; and tne recent experiments of M. Boucherie, in France, 
support this opinion, and indicate midsummer and autumn as the 
seasons in which the sap is least active, and therefore as most 
£aLVorable for felling. 

174. As the sap-wuod, in most trees, forms a large portion of 
the trunk, experiments have been made, for the purpose of im- 
proving its strength and durability. These experiments have been 
mostly directed towards the manner of preparing the tree, before 
felling it. One method consists ji girdling, or making an in 
dsion with an axe around the trunk, completely through the sap- 
wood, and suffering tlie tree to stand in this state until it is dead ; 
the other consists in barking, or stripping the entire trunk of its 
bark, without wounding the sap-wood, early in the spring, and al- 
lowing the tree to stand until the new leaves havQ put forth and 
Ulen, before it is felled. The sap-wood of trees, treated by both 
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of these methods, was found very much improyed in hardness, 
strength, and durability ; the results from girdling were, however, 
inferior to those from barking. 

175. The seasoning of timber is of the greatest importance, not 
only to its durability, but to the solidity of the structure for which 
it may be used ; as a very slight shrinking of some of the pieces, 
arising from the seasoning of the wood, might, in many cases, 
cause material injury, if not complete destruction to the structure. 
Timber is considered as sufficiently seasoned, for the purposes 
of frame-work, when it has lost abou. one fifth of the weight 
which it has in a green state. • Several methods are in use for 
seasoning timber : they consist either in an exposure to the air 
for a certain period in a sheltered position, which is termed natu- 
ral seasoning ; in immersion in water, termed water seasoning ; 
or in boiling, or steaming. 

176. For natural seasoning, it is usually recommended to strip 
the trunk of its branches and bark, immediately upon felling, and 
to remove it to some dry position, until it can be sawed into suit- 
able scantling. From the experiments of M. Boucherie, just 
cited, it would seem that better results would ensue, from allow- 
ing the branches and bark to remain on the trunk for some days 
after felling. In this state, the vital action of the tree continuing 
in operation, the sap-vessels will be gradually exhausted of sap, 
and filled with air, and the trunk thus better prepared for the pro- 
cess of seasoning. To complete the seasoning, the sawed timber 
should be piled under drying sheds, where it will be freely ex- 
posed to the circulation of the air, but sheltered from the direct 
action of the wind, rain, and sun. By taking these precautions, 
an equable evaporation of the moisture will take place over the 
entire surface, which will prevent eitlier warping or splitting, 
which necessarily ensues when one part dries more rapidly than 
%aother. It is farther recommended, instead of piling the pieces 
on each other in a horizontal position, that they be laid on cast- 
iron supports properly prepared, and with a sufficient inclination 
to facilitate the dripping ol the sap from one end ; and that heavy 
round timber be bored through the centre, to expose a greater 
surface to the air, as it has been found that it cracks more in sea- 
soning than square limber. 

Natural seasoning is preferable to any other, as timber seasoned 
in this way is both stronger and more durable than when prepared 
by any artificial process. Most timber will require, on an aver- 
age, about two years to become fully seasoned in the natural 
way. 

177. The process of seasoning by immersion in water, is slow 
and imperfect, as it takes years to saturate heavy timber ; and 
die soluble matter is discharged very slowly, and chiefly from the 
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extenor layers of the immersed wood. The practice of keeping 
timber in water, with a view to facilitate its seasoning, has been 
condemned as of doubtful utility ; particularly immersion in salt 
water, where the timber is liable to the inroads of those two very 
destructive inhabitants of our waters, the Limnoria Tetebrans^ 
and Teredo N avails ; the former of which rapidly destroys the 
heaviest logs, by gradually eating in between the annual rings ; 
and the latter, the well-known ship-worm^ by converting timber 
into a perfect honeycomb state by its numerous perforations. 

178. Steaming is mostly in use for ship-building, where it is 
necessaiy to soften the fibres, for the purpose of bending large 
pieces oi timber -» Tliis is effected b)' placing the timber in strong 
steam-tight cylinders, where it is subjected to the action of steam 
long enough for the object in view ; the period usually allowed, 
is one hour to each inch in thickness. Steaming sUghtly impairs 
the strength of timber, but renders it less subject to decay, and 
less liable to warp and crack. 

179. When timber is used for posts partly imbedded in the 
ground, it is usual to char the part imbedded, to preserve it from 
decay. This method is only serviceable when the timber has been 
previously well seasoned ; but for green timber it is highly inju- 
rious, as by closing the pores, it prevents the evaporation from the 
surface, and thus causes fermentation and rapid decay witliin. 

180. The most durable timber is procured from trees of a close 
compact texture, which, on analysis, yield the largest quantity of 
carbon. And those which grow in moist and shady localities, 
furnish timber which is weaker and less durable than that from 
trees growing in a dry open exposure. 

181. Timber is subject to defects, arising either from some 
peculiarity in the growth of the tree, or from the effects of the 
weather. Straight-grained timber, free from knots, is superior 
in strength and quality, as a building material, to that which is 
the reverse. 

182. The action of high winds, or of severe frosts, injures the 
tree while standing : the former separating the layers from each 
other, forming what is denominated rolled timber; the latter 
cracking the timber in several places, from th>- surface to the 
centre. These defects, as well as those arising from worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of the 
decay of timber ; as all the remedies thus far proposed to prevent 
them, are too expensive to admit of a very general application. 
Both of these causes have the same origin, fermentation, and 
consequent putrefaction. The wet rot takes place in wood ex- 
posed, alternately, to moisture and dryness ; and the dry rot is 
occasioned by want of a free circulation of air, as in confined, 
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warm localities, like cellars and the more confined parts of 
vessels. 

Trees of rapid growth, which contain a large portion of sap- 
wood, and timoer of every description, when usea green, where 
there is a want of a free circulation of air, decay very rapidly with 
the rot. 

184. Numberless experiments have been made on the preser- 
vation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes have yielded tne most satisfactory results ; and nearly 
all have proved more or less efficacious. The means mostly re- 
sorted to have been the saturation of the timber in the solution 
of some salt with a metallic, or earthy base, tlms forming an in- 
soluble compound with the soluble matter of the timber. The 
salts which nave been most generally tried, are the sulphate of 
iron, or copper, and the chloride ot mercury, zinc, or calcium. 
The results obtained from the chlorides have been more satisfac- 
tory than those from the sulphates ; the latter class of salts with 
metallic bases possess undoubted antiseptic properties ; but it is 
stated that the freed sulphuric acid, arising from the chemical 
action of the salt on the wood, impairs the woody fibre, and 
changes it into a substance resembling carbon. 

185. The processes which have come into most general use, 
are those of Mr. Kyan, and of Sir W. Burnett, called after the 
patentees kyanizing and bumetizing, Kyan's process is to sat- 
urate the timber with a solution of chloride of mercury ; using, 
for the solution, one pound of the salt to five gallons of water. 
Burnett uses a solution of chloride of zinc, in the proportion of 
one pound of the salt to ten gallons of water, for common pur- 
poses ; and a more highly concentrated solution when the object 
is also to render the wood incombustible. 

186. As timber under tlie ordinary circumstances of immer- 
sion imbibes the solutions very slowly, a more expeditious, as 
well as more perfect means of saturation has been used of late, 
which consists in placing the wood to be prepared in strong 
wrought-iron cyHnders, lined with felt and boards, to protect the 
iron from the action of the solution, where, first by exhausting 
the cylinders of air, and then applying a strong pressure by means 
of a force-pump, the liquid is forced into the sap and air-vessels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr. 
Earle has received most notice. This consists in boiling the 
timber in a solution of the sulphates of copper and iron. Opinion 
seems to be divided as to the efficacy of this method. It has been 
tried for the preservation of timber lor artillery carriages, but not 
with satisfactory results. 



WOOD. 51 

188. M. Boucherie, to whose able researches on this subject 
reference has been made, noticing the slowness with which 
aqueous solutions were imbibed by wood, when simply im- 
mersed in them, conceived the ingenious idea of rendering the 
vital action of the sap-vessels subservient to a thorough impreg- 
nation of every part of the trunk where there was diis vitality. 
To effect this, he first immersed the butt end of a freshly-felled 
tree in a hquid, and found that it was diffused tliroughout all parts 
of the tree, in a few days, by the action in Question. But, find 
ing it difficult to manage trees of some size when felled, M. 
Boucherie next attempted to saturate them before felUng; for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut firom the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibres 
untouched to support the^tree. One end of the auger-hole was 
then stopped, as well as all of the saw-cut on the exterior, and 
the liquid was introduced by a tube inserted into the open end of 
the auger-hole. This method was found equally efficacious witli 
the first, and more convenient. 

189. After examining the action of the various neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
try the impure pyrolignite of iron, both from its chemical compo- 
sition and its cheapness. The results of this experiment were 
perfectly satisfactory. The pyroUgnite of iron, in the proportion 
of one fiftieth in weight of the green wood, was found not only to 
preserve the wood from decay, but to harden it to a very high 
degree. 

190. Observing that the pliabihty and elasticity of wood de- 

gnded, in a great measure, on the moisture contained in it, M. 
mcherie next directed his attention to the means of improving 
these properties. For this purpose, he tried solutions of various 
deliquescent salts, which were lound to answer the end proposed. 
Among these solutions, he gives the preference to that of chloride 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also recommends for like purposes the mother 
water of salt-marshes, as cheaper than the solution of the chloride 
of calcium. Timber prepared in this way is not only improved 
in elasticity and pliability, but is prevented from warping and 
cracking ; the timber, however, is subject to greater vanations in 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the earthy chlorides will 
also act as preservatives, but to ensure this he recommends that 
they be mixed with one fifth of pyrolignite of iron. 

192. From other experiments of M. Boucherie, it appears that 
the sap may be expelled from any freshly-felled timber by the 
pressure of a liquids and the timber be impregnated as thoroughly 
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M by the preceding processes. To effect this, the piece to be 
saturated is placed in an upright position, so that the sap may 
flow readily from the lower end ; a water-tight bag, containing 
the liquid, is affixed to the upper extremity which is surmounted 
by the liquid, the pressure from which expels tlic sap, and fills 
the sap- vessels with the liquid. Tlie process is complete when 
the liquid is found to issue in a pure state from the lower end of 
the stick. 

193. Either of the above processes may be apphed in impreg- 
nating timber with coloring matter for ornamental purposes. The 
plan recommended by M. Boucherie, consists in introducing sep- 
arately the solutions by the chemical union of which the color is 
to be formed. 

194. The effect of time on the durability of timber, prepared 
by any of the various chemical proccsjics which have just been 
detailed, remains to be seen ; although results of tlie most satis- 
factory nature may be looked for, considering the severe tests to 
which most of them have been submitted, by exposure in situa- 
tions pecuharly favorable to the destruction ot ligneous sub- 
stances. 

195. The durability of limber, when not prepared by any of 
the above-mentioned processes, varies greatly under different cir- 
cumstances of exposure. If placed in a sheltered position, and 
exposed to a free circulation of air, timber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if not superior, durability is observed when it 
is immersed in fresh water, or embedded in thick walls, or 
under ground, so as to be beyond the influence of atmospheric 
changes. 

196. In salt water, however, particularly in warm climates, 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans, attacking, it is said, only station- 
ary wood, while the attacks of the other, the teredo navalis, are 
general. Various means have been tried to guard against the 
ravages of these destructive agents ; that of sheathing exposed 
timber with copper, or with a coating of hydraulic cement, affixed 
to the wood by studding it thickly over with broad-headed nails to 

Sive a hold to the cement, has met with fqll success ; but the oxi- 
ation of the metal, and the liability to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pre- 
serving timber by impregnating it with coal tar, patented in this 
country by Professor Renwick, appears, from careful experi- 
ments, also to be efficacious against the attack of the ship-worm. 
A coating of Jeffery's marine glue, when impregnated with some 
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of the insoluble mineral poisons destructive to animal life, is said 
to subserve the same end. 

197. The best seasoned timber will not withstand die effectn 
of exposure to the weather for a much greater period than twenty 
five years, unless it is protected by a coating of paint or pitch, 
or of oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves, being of a perishable na- 
ture, require to be renewed, from time to time, and will, there- 
fore, be serviceable only in situations which admit of their renewal. 
They are, moreover, more hurtful than serviceable, to unseasoned 
timber, as by closing the pores of the exterior surface, they pre- 
vent the moisture from escaping from within, and, therefore, pro- 
mote one of the chief causes of decay. 

198. The forests of our own country produce a great variety 
of the best timber for every purpose, and supply abundantly both 
our own and foreign markets. The following genera are in most 
common use. 

199. Oak. About forty-four species of this tree are enumera- 
ted by botanists, as found in our forests, and those of Mexico. 
The most of them afford a good building material, except the 
varieties of red oak, the timber of which is weak, and decays 
rapidly. 

The White Oak, (Quercus Alba,) so named from the color 
of its bark, is among the most valuable of the species, and is in 
very general use, but is mostly reserved for naval constructions ; 
its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches affording the best compass timber. The 
wood is strong and durable, and of a slightly reddish tinge ; it is 
not suitable for boards, as it shrinks about gV in seasoning, and 
is very subject to warp and crack. 

This tree is found most abundantly in the Middle States. It 
is seldom seen, in comparison with other forest trees, in the 
Eastern and Southern States, or in the rich valleys of the West- 
em States. 

Post Oak, {Quercus Obtusiloba,) This tree seldom attains a 
greater diameter than about fifteen inches, and, on this account, 
IS mostly used for posts, from which use it takes its name. The 
wood has a yellowish hue, and close grain ; is said to exceed 
white oak in strength and durability ; and is, therefore, an excel- 
lent building material for the lighter kinds of frame-work. This 
tree is found most abundantly in the forests of Maryland and Vir- 
ginia, and is there frequently called Box White Oak, and Iron 
Oak. It also grows in the forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut White Oak, {Quercus Prinus Palustris.) The tim 
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ber of this tree is strong and durable, but inferior to the two pre* 
cedinff species. The tree is abundant from North Carolina to 
Flori£i. 

Rock Chesnut Oak, ( Quercus Prinus Monticola,) The timber 
of this tree is mostly in use for naval constructions, for which it 
is esteemed inferior only to the white oak. The tree is fcund in 
the Middle States, and as far north as Vermont. 

Live Oak, {Quercus Virens.) The wood of this tree is of a 
yellowish tinge ; it is heavy, compact, and of a fine grain ; it is 
stronger and more durable than any other species, and, on this 
account, it is considered invaluable for the purposes of ship- 
building, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty 
miles from the seacoast. It is found in abundance along the 
coast south, and in the adjacent islands as far as the mouth of the 
Mississippi. 

200. Pine, This very interesting genus is considered inferior 
only to the oak, from the excellent timber afforded by nearly all 
of its species. It is regarded as a most valuable building mate- 
rial, owmg to its strength and durabiUty, the straightness of its 
fibre, tlie ease with which it is wrought, and its applicability to 
all the purposes of constructions in wood. 

Yellow Pine, {Pinus Mitis,) The heart-wood of this tree is 
fine-grained, moderately resinous, strong, and durable ; but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The limber is in very generd use for frame-work, &c. 

This tree is found throughout our country, but m the greatest 
abundance in the Middle States. In the Southern States, it is 
known as Spruce Pine and Shorts-leaved Pine. 

Long-leaved Pine, or Southern Pine, {Pinus Australis.) This 
tree has but little sap-wood : and the resinous matter is uniformly 
distributed throughout the heart-wood, which presents a fine com- 
pact grain, having more hardness, strength, and durability, than 
any o3ier species of the pine, owing to which quaUties the timber 
is m very great demand. 

The tree is first met with near Norfolk, Virginia, and from this 
point south, it is abundantly found. 

White Pine, or Northern Pme, {Pinus Strobus,) This tree 
takes its name from the color of its wood, which is white, soft, 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
ing in damp weather. Its timber is, however, in great demand 
as a good building material, being almost the only kind in use in 
the Eastern and Northern States, for the frame-wark and joinery 
ofhousesy dec. 
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' The finest specimens of this tree grow in the forests of Maine 
.t is found in great abundance between the 43d and 47th paral- 
lels, N. L. 

201. Among the forest trees in less general use than the oak 
said pine, the Locust, the Ckesnuty the Red Cedar, and the Larch, 
hold the first place for hardness, strength, and durability. They 
are chiefly used for the frame-work of vessels. The chesnut, the 
locust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, {Abies Nigra,) also af- 
fords an excellent material, its timber being strong, durable, and 
Ught. 

203. The Junwer or White Cedar, and the Cypress, are very 
celebrated for affording a material, which is very light, and oi 
great durability, when exposed to the weather ; owing to these 
qualities, it is almost exclusively used for shingles and other ex- 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Iron, Copper, Zinc, Tin, and Lead, 

IRON. 

205. This metal is very extensively used for the purposes of 
the engineer and architect, both in tne state of Cast Iron, and 
Wrought Iron, 

206. Cast Iron is one of the most valuable building materials, 
owing to its great strength, hardness, and durability, and the ease 
with which it can be cast, or moulded, into the best forms, for 
the purposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gran 
cast iron, tmd White cast iron. There exists a very marked dif- 
ference between the properties of these two varieties. There 
are, besides, many intermediate varieties, which partake more or 
less of the properties of these two, as they approach, in their ex- 
ternal appearances, nearer to the one or the other. 

208. Gray cast iron, when of a good quahty, is slightly malle- 
able in a cold state, and wi!' ^ .^.v* leadily to the action of the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft gray cast iron ; it is softer and tougher 
than the white iron. When broken, the surface of the fracture 
presents a granular structure ; the color is gray ; and the lustre 
is what is termed metallic, resembUng small brilliant particles of 
lead strewed over the surface. 

209. White cast iron is very hard and brittle ; when recently 
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broken, the surface of the fracture presents a distinctly-inarked 
crystalline structure ; the color is white ; and lustre vitreous, or 
bearing a resemblance to the reflected light from an aggregation 
of small crystals- 

210. Mr. Mallet, in a very able Report made to the British 
Association for the Advancement of Science, remarking on the 
great want of uniformity, among manufacturers of iron, in the 
terms used to describe its diiflferent varieties, proposes the foDow- 
ing nomenclature, as comprising every variety, with their distinc- 
tive characters. 

Silvery. Least fusible ; thickens rapidly when fluid by a 
spontaneous puddling ; crystals vesicular, often crystalline ; in- 
capable of being cut by chisel or file ; ultimate cohesion a maxi- 
mum ; elastic range a minimum. 

Micaceous, Very soft ; greasy feel ; peculiar micaceous ap- 
pearance generally owing to excess of manganese ; soils the fin- 
gers strongly ; crystals large ; runs very fluid ; contraction large. 

Mottled. Tough and hard ; filed or cut with difiiculty ; crys- 
tals large and small mixed ; sometimes runs tliick ; contraction in 
cooling a maximum. 

Bright Gray, Toughness and hardness most suitable for 
working ; ultimate cohesion and elastic range generally are bal- 
anced most advantageously ; crystals uniform, very minute. 

Dull Gray, Less tough than the preceding ; other characters 
alike ; contraction in cooling a minimum. 

Dark Gray, Most fusible ; remains long fluid ; exudes graphite 
in cooling ; soils the fingers ; crystals large and lamellar ; ultimate 
cohesion a minimum, and elastic range a maximum. 

211. The gray iron is most suitable where strength is required ; 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by the surface of a recent 
fi:^cture, are the best indications of the quality of iron. A uni- 
form dark gray color, and high metallic lustre, are indications of the 
best and strongest. With the same color, but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron without lustre, of a dark and mottled color, is tlie softest and 
weakest of the gray varieties. 

Iron of a light gray color and high metallic lustre, is usually 
very hard and tenacious. As the color approaches to white, ana 
the metallic lustre changes to vitreous, hardness and brittleness 
become more marked, imtil the extremes of a dull, or grayish white 
color, and a very high vitreous lustre, are attained, which are the 
indications of the hardest and most brittle of the white variety. 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edge of a casting. If tne 
blow produces a sUght indentation, without any appearance of 
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finftcture, it shows that the iron is slightly malleable, and, there* 
fore, of a good quality ; if, on the contrary, the edge is broken, it 
indicates brittleness in the material, and a consequent want of 
strength. 

214. The strength of cast iron varies with its density ; and this 
element depends upon the temperature of the metal when drawn 
from the furnace ; the rate of cooling ; the head of metal under 
which the casting is made ; and the bulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mallet's experiments, very rapidly from the top 
downward, to a depth of about four feet below the top ; from this 
point to the bottom, the rate of increase is very nearly uniform. 
All other circumstances remaining the same, the density decreases 
with the bulk of the casting; hence large are proportionally 
weaker than small castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, it is very difficult to judge of the quality of a 
casting by its external characters ; in general, however, if the 
exterior presents a uniform appearance, devoid of marked ine- 
quahties of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
fix>m the use of the hot blast, has naturally directed attention to 
the comparative merits between iron produced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated by Messrs. Fairbaim and Hodgkinson, and their results 
publishea in the Seventh Report of the British Association, 

Mr. Hodgkinson remarks on this subject, in reference to the 
results of his experiments : " It is rendered exceedingly probable 
that the introduction of a heated blast into the manuiacture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improved those of a harder nature ; and considering 
the small deterioration that" some " irons have sustained, and the 
apparent benefit to those of others, " together with the great saving 
efi^cted by the heated blast, there seems good reason for tlie pro- 
cess becoming as general as it has done." 

218. From a number of specific gravities given in these Re- 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that ofhot blast 7.021. 

219. Mr. Fairbaim concludes his Report with these observa- 
tions, as the results of the investigations of himself and Mr. Hodg- 
kinson : " The ultimatum of our inquiries, made in this way, 
stands, therefore, in the ratio of strength, 1000 for the cold blast, 
to 1024.8 for the hot blast ; leaving the small fractional difference 
of 24.8 in favor of the hot blast." 

'^ The relative powers to sustain impact, are likewise in favo 
of the hot blast, being in the ratio of 1000 to 1226.3 " 

8 
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220. Wrought Iron. The color, lustre, and texture of a recent 
fracture, present, also, the most certain indications of the quality 
of wrought iron. The fracture submitted to examination, should 
be of bars at least one inch square ; or, if of flat bars, they should 
be at least half an inch thick ; otherwise, the texture will be so 
creatly changed, arising from the greater elongation of the fibres, 
m bars of smaller dimensions, as to present none of those dis- 
tinctive differences observable in the nracture of large bars. 

221. The surface of a recent fracture of good iron, presents a 
clear ^ray color, and high metalUc lustre ; the texture is granular, 
and the grains have an elongated shape, and are pointed and 
sUghtly crooked at their ends, giving the idea of a powerful force 
having been employed to produce the fracture. When a bar, 
presenting these appearances, is hammered, or dravm out into 
small bars, the surface of fracture of these bars will have a very 
marked fibrous appearance, the filaments being of a white color 
and very elongatea. 

222. When the texture is either lamioated, or crystalline, it is 
an indication of some defect in the metal, arising either from the 
mixture of foreign ingredients, or else from some neglect in the 
process of forging. 

223. Burnt iron is of a clear ^y color, vrith a sUght shade 
•of blue, and of a slaty texture. It is soft and brittle. 

224. Cold short iron, or iron that cannot be hammered when 
cold veithout breaking, presents nearly the same appearance as 
burnt iron, but its color incUnes to white. It is very hard and 
brittle. 

225. Hot short iron^ or that which breaks under the ham- 
mer when heated, is of a dark color vnthout lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in small 
bars by hammering, is an inherent quaUty of^ good iron ; those 
varieties wliich are not susceptible of receiving this pecuhar tex- 
ture, are of an inferior quality, and should never be used for pur- 
poses requiring great strength : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best wrought iron presents two varieties ; the Hard 
and Soft, The hard variety is very strong and ductile. It pre- 
serves its granular texture a long time under the action of the 
hammer, and only developes the fibrous texture when beaten, or 
dra^ out into small rods : its filaments then present a silver 
white appearance. 

228. The soft variety is weaker tlian the hard ; it yields easily 
to the hammer ; and it commences to exhibit, under its action, 
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the fiorous texture m tolerablv large bars. The color of the 
fibres is between a silver while and lead gray. 

229. Iron may be naturally of a good quahty, and still, from 
being badly refined, not present the appearances which are re- 
garded as sure indications of its excellence. Among the defects 
arising from this cause are blisters, flaws, and cinder-holes. 
Generally, however, if the surface of fiacture presents a texture 
partly crystalline and partly fibrous, or a fine granular texture, in 
which some of the grains seem pointed and crooked at the points, 
together with a light gray color without lustre, it will indicate 
natural good qualities, which require only carefiil refining to be 
fiilly developed. 

230. The strength of wrought iron is very variable, as it de- 
pends not only on the natural qualities of the metal, but also upon 
the care bestowed in forging, and the greater or less compres- 
sion of its fibres, when drawn or hammered into bars of difierent 
sizes. 

231. In the Report made by the sub-committee, Messrs. John- 
son and Reeves, on the strength of Boiler Iron, {Journal of Frank- 
lin Institute, vol. 20, New Series,) it is stated that the following 
order of superiority obtains among the different kinds of pig 
metal, with respect to the malleable iron which they furnish : — 
1 Lively gray ; 2 White ; 3 Mottled gray ; 4 Dead gray ; 
5 Mixed metals. 

The Repfort states, " So far as these experiments may be con 
sidered decisive of the question, they favor the hghter complexion 
of the cast metal, in preference to the darker and mottled varie 
ties; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mere tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
oviring to the consequent inequality of the welding. 

233. From these experiments, the mean specific gravity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Irm. The durability of iron, under the 
different circumstances of exposure to which it may be submitted, 
depends on the manner in which the casting may have been made; 
the bulk of the piece employed ; the more or less homogeneous* 
ness of the mass ; its density and hardness. 

235. Amon^ the most recent and able researches upon the ac 
tion of the ordmary corrosive agents on iron, and the preservative 
means to be employed against mem, those of Mr. Mallet, given in 
the Report already mentioned, hold the first rank. A brief re- 
capitulation of the most prominent conclusions at which he has 
anivedy is all that can be attempted in this place. 
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236. When iron is only partly immersed in water, or wholly 
immersed in water composea of strata of different densities, like 
that of tidal rivers, a voltaic pile of one solid and two fluid bodies 
is formed, which causes a more rapid corrosion than when the 
liquid is of uniform density. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than that of clear sea, or fresh water, 
owing to the action of the hydro-sulphuric acid which, being dis- 
engaged from the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive action is less than 
under any other circumstances of immersion ; owing to the ab- 
sence of corrosive agents, and the firm adherence oi the oxide 
formed, which presents a hard coat that is not washed off as in 
sea water. 

239. In clear sea water, the rate of corrosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a cen- 
tury, and about 6 tenths of an inch for wrought iron. 

240. Wrought iron corrodes more rapidly in hot sea water than 
under any other circumstances of immersion. 

241 . The same iron when chill cast corrodes more rapidly than 
when cast in green sand ; this arises from the chilled surface 
being less uniform, and therefore forming voltaic couples of iron 
of different densities, by which the rapidity of corrosion is in- 
creased. 

242. Castings made in dry sand and loam are more durable 
under water than those made in green sand. 

243. Thin bars of iron corrode more rapidly than those of more 
bulk. This difference in the rate of corrosion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silvery. It is caused by the more rapid rate of cooling in thin 
than in thick bars, by which the density of the surface of the for- 
mer becomes less uniform. These causes of destructibility may, 
in some degree, be obviated in castings composed of ribbed 
pieces, by making the ribs of equal thickness with the main 
pieces, and causing them to be cooled in the sand, before strip- 
ping the moulds. 

244. The hard crust of cast iron promotes its durabihty ; when 
this is removed to the depth of one fourth of an inch, the iron cor- 
rodes more rapidly in both air and water. 

246. Corrosion takes place the less rapidly in any variety of 
iron, in proportion as it is more homogeneous, denser, harder, and 
closer grained, and the less graphitic. 

246. The more ordinary means used to protect iron against 
the action of corrosive agents, consist of paints and varmshes. 
These, \mder the usual circumstances of atmospheric exposure. 
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are of but slight efficacy, and require to be frequently renewed. 
In water, they are all rapidly destroyed, with the exception of 
boiled coal-tar, which, when laid on hot iron, leaves a bright and 
solid varnish of considerable durability and protective power. 

247. The rapidly increasing purposes to which iron has been 
applied, within the last few years, has led to reseaiches upon the 
agency of electro-chemical action, as a means of protecting it from 
corrosion, both in air and water. Among the processes resorted 
to for this purpose, that of zinckiug, or as it is more conamonly 
known, galvanizing iron has been most generally introduced. 
The experiments of Mr. Mallet, on this process, are decidedly 
against zinc as a permanent electro-chemical protector. Mr. 
Mallet states, as the result of his observations, that zinc applied in 
fusion, in tlie ordinary manner, over the whole surface of iron, 
will not preserve it longer than about two years ; and that, so 
soon as oxidation commences at any point of the iron, the protec- 
tive power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, " On the whole, it may be 
affirmed that, under all circumstances, zinc has not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
wards it in the strict sense ; hitherto it has not become a preven- 
tive, but merely a more or less effective palliative to destruction." 

248. In extending his researches on this subject, with alloys 
of copper and zinc, and copper and tin, Mr. Mallet found that the 
alloys of the last metals accelerate the corrosion of iron, when 
voltaically associated with it in sea water ; and that an alloy of 
the two first, represented by 23 Zn + 8Cw, in contact with iron, 
protects it as fully as zinc alone, and suffers but little loss from 
the electro-chemical action ; thus presenting a protective en- 
ergy more permanent and invariable than that of zinc, and giving 
a nearer approximation to the solution of the problem, " to obtaiu 
a mode of electro-chemical protection such, that while the iron 
shall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright cast iron, when immersed in sea water and voltaically as- 
sociated with it, tliat although oxidation will not be prevented on. 
either, it will still be greatly retarded on the hard, at the expense 
of the soft iron. 

250. In concluding the details of his important researches on ' 
this subject, Mr. Mallet makes the following judicious remarks : . 
" The engineer of observant habit will soon have perceived, that 
in exposed works in iron, equality of section or scantling, in all 
parts sustaining equal strain, is far from ensuring equal passive 
power of permanent resistance, unless, in addition to a general . 
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alloMvauce for loss of substance by corrosion, this latter elemenl 
be so provided for, that it shall be equally balanced over the whole 
structure ; or, if not, shall be compelled to confine itself to por- 
tions of the general structure, which may lose substance without 
injuring its stabiUty." 

'^ The principles we have already established sufficiently guide 
us in the modes of effecting this ; regard must not only be had to 
the contact of dissimilar metals, or of the same in dissimilar fluids, 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron with wrought iron or steel, or of one sort of cast 
iron with another. Thus, m a suspension bridge, if the links of 
the chains be hammered, and the pins rolled, the latter, where 
equally exposed, will be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hammering until 
cold ; the plates, therefore, are corroded through round the rivets 
before these have suffered sensibly ; and in the air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps Ufting mineralized or ^bad' water from mines, the cast 
iron perishes first round the holes throuffh which wrought-iron 
bolts, &c., are inserted. And abimdant ouer instances might be 
given, showing that the effects here spoken of are in practical 
operation to an extent that should press the means of counteract^ 
ing them on the attention of the engineer." 

251. Since Mr. Mallet's Report to the British Association, he 
has invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ; the one by means of a coat- 
ing formed of a triple alloy of zinc, mercury, and sodium, or po- 
tassium ; the other by an amalgam of palladium and mercury. 

252. The first process consists of forming an alloy of the metals 
used, in the following manner. To 1292 parts of zinc by weight, 
in a slate of fusion, 202 parts of mercury are added, and the 
metals are well mixed, by stirring with a rod of dry wood, or one 
of iron coated with clay ; sodium, or potassium is next added, in 
small quantities at a time, in the proportion of one pound to every 
ton by weight of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute solution of sulphuric, or of hydro-chlohc acid, 
washing it in clear cold water, anci detaching all scales, by striking 
it with a hammer ; it is then scoured clean by the hand vtrith sand, 
or emeiy, under a small stream of water, until a bright metalUc 
lustre is obtained ; while still wet, it is Immersed in a bath formed 
of equal parts of the cold saturated solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac is 
added as the solution will take up. The iron is allowed to re- 
main in this bath until it is covered by minute bubbles of gas ; it 
is then taken out, allowed to drain a few seconds, and plunged 
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into the fused alloy, from which it is withdrawn so soon as it has 
acQuired the same temperature. When taken from the metallic 
bam, the iron should be plunged in cold water and well washed. 

253. Care must be taken mat the iron be not kept too long in 
the metallic bath, otherwise it may be fused, owing to the great 
affinity of the alloy for iron. At the proper fusing temperature 
of the alloy, about 680^ Fahr., it will dissolve plates of iron one 
eighth of an inch thick in a few seconds ; on this accoimt, when- 
ever small articles of iron have to be protected, the affinity of the 
alloy for iron should be satisfied, by msing some iron in it before 
immersinff that to be coated. 

254. The other process, which has been termed palladiumizifig, 
consists in coating the iron, prepared as in the first process for 
the reception of the metaUic coat, with an amalgam ol palladium 
and mercury. 

COPPER. 

255. The most ordinaiy and useful appUcation of this metal in 
constructions, is that of sheet copper, wnich is used for roof cov- 
erings, and like purposes. Its durability imder the ordinary 
changes of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, from cracks arising from the process 
of drawing it out. These may be remedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepared in this way have been found to be very 
durable. 

The alloys of copper and zinc, known under the name of brassj 
and those of copper and tin, knovni as bronze^ gun-metcd, and 
belUmetaly are, in some cases, substituted for iron, ovring to their 
superior hardness to copper, and being less readily oxidized than 
iron« 

ZINC. 

256. This metal is used mostly in the form of sheets ; and for 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure jnetalhc surface of zinc soon becomes 
covered vnth a very thin, hard, transparent oxide, which is un 
changeable both in air and water, and preserves the metal beneath 
it from farther oxidation. It is this property of the oxide of zinc, 
which renders this metal so valuable for sheathing purposes ; but 
its durability is dependent upon its not being brougnt into contact 
with iron in the presence of moisture, as the galvanic action whidi 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free from the presence of iron, 
as a very small quantity of the oxide of this last metal when con- 
tained in zinc, is found to occasion its rapid destruction. 
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257. Besides the alloys of zinc already mendoned, this metal 
alloyed with ccq)per forms one of the most useful solders ; and 
its alloy with lead has been proposed as a cramping metal for 
uniting the parts of iron work together, or iron work to other ma- 
terials, in the place of lead, which is usuaUy employed for this 
purpose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful appUcation of tin is as a coating for 
sheet iron, or sheet copper : the alloy which it forms, in this way, 
upon the surfaces of tne metals in question, preserves them for 
some time from oxidation. AUoyed with lead it foims one of the 
most usefcd solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof cover- 
ing, but it is inferior to both copper and zinc in tenacity and 
durability ; and is very apt to tear asunder on incUned surfaces, 
particularly if covered with other materials, as in the case of the 
capping of water-tight arches. 

PAINTS AND VARNISHES. 

260. Paints are mixtures of certain fixed and volatile oils, 
chiefly those of linseed and turpentine, vnth several of the metal- 
lic salts and oxides, and other substances which are used either 
as pigments, or to give what is termed a body to the paint, and 
also to improve its drying properties. 

261. Paints are mainly used as protective agents to secure 
wood and metals from the destructive action of air and water. 
This they but imperfectly effect, owing to the unstable nature of 
the oils that enter into their composition, which are not only de- 
stroyed by the very agents against which they are used as pro- 
tectors, but by the chemical changes which result from the action 
of the elements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in air than in water. In the lat- 
ter element, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hydro- 
sulphuric acid contained in foul water upon the metallic salts and 
oxides. 

263. However carefully made or applied, paints soon become 

gBrmeable to water, owing to the very minute pores which arise 
om the chemical changes in their constituents. These changes 
will have but little influence upon the preservative action of paints 
upon wood exposed to the efiects of the atmosphere, provided the 
wood be well seasoned before the paint is applied, and that the 
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latter be renewed at suitable interVals of time. On metals these 
changes have a very important bearing. The penneability of the 
paint to moisture causes the surface of the metfl under it to rust, 
and this cause of destruction is> in most cases, promoted by the 
chemical changes which the paint undergoes. 

264. Varnishes are solutions of various resinous substances 
in solvents which possess the property of drying rapidly. They 
are used for the same purposes as pamts, and have generally the 
same defects, 

265. The following are some of the more usual compositions 
of paints and varnishes. 

White Painty {for exposed wood.) 

White lead, ground in oil .80 

Boiled oil 9 

Raw oil 9 

Spirits turpentine 4 

The white lead to be ground in the oil, and the spirits of tor* 
pentine added. 



Black Paint. 



Lamp-black 
Litharge 
Japan varnish 
Linseed oil, boiled 
Spirits turpentine 



88 

1 

1 

73 

1 



Lead Color. 



White lead, ground in oil .75 

Lamp-black 1 

BoUed linseed oil 93 

Litharge 0.5 

Japan Tarnish ..... 0.5 
Spirits turpentine 3.5 



Gray, or Stone Color, {for buildings.) 

White lead ground in oil 
Boiled oil 
Raw oil 



Spirits of turpentine 
Turkey umber 
Lamp-black . 



Lackers for Cast Iron. 



1.— Black lead, pulverized 
Red lead 




78 
9.5 
9.5 
3 

0.5 
0.95 



19 
19 

5 
ft 
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9. — ^Anti-eorrosion 

Grant's black, ground in oil 
Red lAid, as a dryer 
Linseed oil . . . 
Spirits turpentine . 



40 Uw. 
4 " 

3 " 

4 gals. 
1 pint. 



Copal Varnish. 



Gam copal, (in clean lumps) . . . 36.5 

Boiled linseed oil 49.5 

Spirits turpentine 31 

Japan Varnish. 

Litharge 4 

Boiled oU 87 

Spirits turpentine 9 

Red lead 6 

Umber 1 

Gum shellac 8 

Sugar of lead 3 

White vitriol 1 

The proportions of the above compositions are given for 100 
parts, by vtreiffht, with the exception of lacker 2. 

The beautinil black polish on the Berlin casting for ornamental 
purposes, is said to be produced by laying the iollovdng compo- 
sition on the hot iron, and then baking it. 

Bitumen of India 0.5 

Resin 0.5 

Drying oil 1.0 

Copal, or amber varnish . .1.0 

Enough oil of turpentine is to be added to this mixture to make 
it spread. 

266. From experiments made by Mr. Mallet, on the preserva- 
tive properties of paints and varnishes for iron immersed in water, 
it appears that caoutchouc varnish is the best for iron m hot 
water, and asphaltum varnish under aU other circumstances ; but 
that boiled coal-tar, laid on hot iron, forms a superior coating to 
either of the foregoing. 

267. Mr. Mallet recommends the following compositions for a 
paint, termed by him zoofagous paint, and a varnish to be used 
to preserve zincked iron both from corrosion and from fouling in 
sea water. 

Varnish for zincked Iron. 

To 50 lbs. of foreign asphaltum, melted and boiled in an iron 
vessel for three or four hours, add 16 lbs. of red lead and litharge 
ground to a fine powder, in equal proportions^ with 10 gals, of 
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drying linseed oil, and bring the whole to a nearly boiling tern- 
perature. Melt, in a second vessel, 8 lbs. of gum-animd ; to 
which add 2 cals. of drying linseed oil at a boiling heat, with 12 
lbs. of caoutoiouc partially dissolved in coal-tar naphtha. Pour 
the contents of the second vessel into the first, and boil the whole 

Spntly, until the varnish, when taken up between two spatulas, is 
ound to be tough and ropy. This composition, when quite cold, 
is to be thinned down for use with from 30 to 35 gals, of spirits 
of turpentine, or of coal naphtha. 

268. It is recommended that the iron should be heated before 
receiving this varnish, and that it should be applied with a spatula, 
or a flexible slip of horn, instead of the ordinary brush. 

When dry and hard, it is stated that this varnish is not acted 
upon by any moderately diluted acid, or alkah ; and, by long im- 
mersion in water, it does not form a partially soluble hydrate, as 
is the case with purely resinous varnishes and oil paints. It can 
with difficulty be removed by a sharp-pointed tool ; and is so 
elastic, that a plate of iron covered with it may be bent several 
times before it will become detached. 

Zoofagous Paint. 

269. To 100 lbs. of a mixture of drying linseed oil, red lead, 
sulphate of barytes, and a Uttle spirits of turpentine, add 20 lbs. 
of the oxychloride of copper, and 3 lbs. of yellow soap and com- 
mon rosin, in equal proportions, with a little water. 

When zincked iron is exposed to the atmosphere alone, the var- 
nish is a sufficient protection for it ; but when it is immersed in 
sea water, and it is desirable, as in iron ships, to prevent it from 
fouling, by marine plants and animals attaching themselves to it, 
the paint should be used, on account of its poisonous qualities. 
The paint is applied over the varnish, and is allowed to harden 
three or four days before immersion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE 
STRENGTH OF MATERIALS. 

-470. Whatever may be the physical structure of materials, 
whether fibrous or granular, experiment has shown that they all 
possess certain general properties, among the most important of 
which to the engineer are those of contraction^ elongation^ de^ 
Jlection, torsion^ and lateral adhesion^ and the resistances which 
these offer to the forces by which they are called into acti<m«* 
* Sm NqU D., Appendix. 
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271. All solid bodies, when submitted to strains by which any 
of these properties are developed, have, within certain limits, 
termed the limits of elasticity, the property of wholly or partially 
resuming their original state, when the strain is taken off. This 
property is usually denominated tlie elastic force, and has for its 
measure, in the case of contraction, or elongation, the ratio be- 
tween the force which causes the one or the other of these states 
and the fraction which measures tlie degree of contraction, or 
elongation. 

272. To what extent bodies possess the property of total re- 
covery of form, when relieved from a strain, is still a matter of 
doubt. It has been generally assumed, that the elasticity of a 
material does not undergo permanent injury by any strain less 
than about one third of that which would entirely destroy its force 
of cohesion, thereby causing rupture. But from the most recent 
experiments on this point made by Mr. Hodgkinson on cast iron, 
it appears that tlie restoring power of this material is destroyed by 
very slight strains ; and it is rendered probable that this and most 
other materials receive a permanent change of form, or set, under 
any strain, however small. 

273. The extension, or contraction of a solid, may be effected 
either by a force acting in tlie direction in which the contraction, 
or elongation takesplace, or by one acting transversely, so as to 
bend the body. Experiments have been made to ascertain, di- 
rectly, the proportion between the amount of contraction^ or elon- 
gation, and the forces by which they are produced. From these 
experiments, it results, that the contractions, or elongations are, 
within certain limits, proportional to the forces, but that an equal 
amount of contraction, or elongation, is not produced by the same 
amount of force. From the experiments, of Mr. Hodgkinson and 
M. Duleau, it appears, that in cast and malleable iron the con- 
traction, or elongation, caused by the same amount of pressure, 
or tension, is nearly equal ; while in timber, according to Mr. 
Hodgkinson, the amount of contraction is about four fifths of the 
elongation for the same force. 

274. When a solid of any of the materials used in construc- 
tions is acted upon by a force so as to produce deflection, experi- 
ment has shown that the fibres towards the concave side ol the 
bent solid are contracted, while those towards the convex side 
are elongated ; and that, between the fibres which are contracted 
and tliose which are elongated, others are found which have not 
undergone any change of length. The part of the solid occupied 
by these last fibres has received the name of the neutral line^ or 
neutral axis. 

275. The hypothesis usually adopted, with respect to the cir- 
cnmBtancfw attending this kind of strain, is that the cpntractiont 



STRBNOTH OF MATERIALS. 60 

and elongations of the fibres on each side of the neutral axis are 

SToportional to their distances from this line ; and that, for slight 
eflections, the neutral axis passes through the centre of gravity 
of the sectional area. From experiments, however, by Mr. Hodg- 
kinson and Mr. Barlov^, it appears that the neutral axis, in forged 
iron and cast iron, lies nearer to the concave than to the convex 
surface of the bent solid, and, probably, shifts its position when 
the degree of deflection is so great as to cause rupture. In tim- 
ber, according to Mr. Barlow, the neutral axis lies nearest to the 
convex surface ; and, from his experiments on solids of forged 
iron and timber with a rectancular sectional figure, he places the 
neutral axis at about three eighths of the depth of the section from 
the convex side in timber, and between one third and one fifth of 
the depth of the section from the concave side in forged iron. 

276. When the strain to which a sohd is subjected is suffi- 
ciendy great to destroy the cohesion between its particles, and 
cause rupture, experiment has shown that the force producing 
this effect, whether it act by tension, so as to draw the fibres 
asunder, or by compression, to crush them, is proportional to the 
sectional area of the solid. The measure, therefore, of the re- 
sistance offered by a solid to rupture, in either of these cases, is 
that force which will rupture a sectional area of die solid repre 
sented by unity. 

277. From experiments made to ascertain the circumstances 
of rupture by a tensile force, it appears that the solid lorn apart 
exhibits a surface of fracture more or less even, according to the 
nature of the material. 

278. Most of tlie experiments on the resistance to rupture 
by compression, have been made on small cubical blocks, and 
have given a measure of this resistance greater than can be de- 
pended upon in practical applications, wnen the height of the 
solid exceeds three times the radius of its base. This point has 
been very fully elucidated in the experiments of Mr. Hodg- 
kinson upon the rupture by compression of solids with circular 
and rectangular bases. These experiments go to prove, that the 
circumstances of rupture, and the resistance offered by the solid, 
vary in a constant manner with its height, the base remaining the 
same. In colmnns of cast iron, with circular sectional areas, it 
was found that the resistance remained constant for a height less 
than three times the radius of the base ; that, from this height to 
one equal to six times the radius of the base, the resistance still 
remained constant, but was less than in the former case ; and 
that, for any height greater than six times the radius of the base, 
the resistance decreased vnth the height. In the two first cases 
the sohds were found to yield either by tlie upper portion sliding 
iff upon the lower, in the direction of a plane making a constant 
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3;le with the axis of the solid ; or else by separating into com* 
, or wedge-shaped blocks, haying the upper and lower surfaces 
of the soUd as their bases, the angle at the apex being double that 
made by the plane and axis of the solid. With regsuxi to the re- 
sistances, it was found that they varied in the ratio of the area of 
the bases of the solids. Where the height of the solid was greater 
than six times the radius of the base, rupture generally took place 
by bending. 

279. From experiments by Mr. Hodgkinson, on wood and 
other substances, it would appear that like circumstances accom- 
pany the rupture of all materials by compression ; that is, within 
certain limits, they all 3rield by an oblique surface of fracture, the 
angle of which with the axis of the solid is constant for the same 
material ; and that the resistances offered within these limits are 
proportional to the areas* of the bases. 

280. Among the most interesting deductions drawn by Mr. 
Hodgkinson, from the wide range of his experiments upon the 
strength of materials, is the one which points to the existence 
of a constant relation between the resistances offered by materials 
of the same kind to rupture from compression, tension, and a 
transverse strain. The followinc Table gives these relations, 
assuming the measure of the crushing force at 1000. 



1 DsacRimoR OP matieul. 

1 
1 


Craihlng force per 
■quare Inch. 


per square inch. 


Bieea traasvene force 
ofa bar 1 inch square 
and 1 fool long. 


1 Timber .... 
1 Cast iron .... 

Stone 

Glass, (plate and crown) 


1000 
1000 
1000 
1000 


1900 
168 
100 
123 


85.1 
19.8 
9.8 
10 



281. Strength of Stonb. The marked difference in the 
structure, and in the proportions of the component elements fre- 

Siently observed in stone from the same quarry, would lead to 
e conclusion that corresponding variations would be found in 
the strength of stones belonging to the same class ; a conclusion 
which experiment has con&rmed. The experiments made by 
different individuals on this subject, from not having been con- 
ducted in the same manner, and from the omission in most cases 
of details respecting the structure and component elements of the 
material triea, have, in some instances, led to contradictory re- 
sults. A few facts, however, of a general character have been 
ascertained, which may serve as guides in ordinary cases ; but 
in important structures, where heavy pressures are to be sus- 
tainea, direct experiment is the only ssoe course for the engineer 
to foUow, in selecting a material from untried quarries. 
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282. Owing to the ease with which stones generally break 
under a percussive force, and from the comparatively slight re- 
sistance they offer to a tensile force, and to a transverse strain, 
they are seldom submitted in structures to any other strain than 
one of compression ; and cases but rarely occur where this strain 
is not greatly beneath that which the better class of building 
stones can sustain permanently, without undergoing any change 
in their physical properties. Where the durabuity of the stone, 
therefore, is well ascertained, it may be safely used without a re- 
sort to any specific experiment upon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
the same class known to be good. 

283. The following Table exhibits the principal results of ex- 
periments made by Mr. 6. Rennie, and published in the PhiUh 
saphical Transactions of 1818. The stones tried were in small 
cubes, measuring one and a half inches on the edge. The table 
gives the pressure, in tons, borne by each superficial inch of the 
stone at the moment of crushing. 



DitcKirnoii or stcni. 



Spee. graTity. 



Cnuhlngw'gbt 



Oranites, 



Aberdeen, (bltte) 

Peterhead 

Cornwall 



Sand'0tones. 

Dundee 

Do. 

Derby, (red and friable) 

Ume-stones, 

Marble, (white-veined Italian) 

Do. (white Brabant) 
Limerick, (bUick compact) 
Devonshire, (red marble) 
Portland stone, (fine-grained oolite) 



3.625 
2.663 



3.630 
2.506 
3.316 



3.736 
8.697 
3.598 

3.438 



4.83 
3.70 
3.83 



2.96 
3.70 
1.40 



4.33 
4.11 
3.95 
3.31 
3.04 



The following results are taken from a series of experiments 
made under the direction of Messrs. Bramah & Sons, and pub- 
lished in Vol. 1, Transactions of the Institution of Civil En- 
gineers. The first column of numbers fives the weights, in tons, 
borne by each superficial inch when the stones commenced to 
firacture ; the second colunm gives the crushing weight, in tons, 
on the same surface. 
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OrarUtes. 

Henne . 
Aberdeen, (blue) 
Heytor . 
Dartmoor 
Peterhead, (red) 
Peterhead, (blite gray) 



Sand'Stones. 



Yorkshire 
Craigleith 
Humbic 
Whitby . 



Aver, weight pio- 
dodng fractures. 



4.77 
4.13 
3.04 
3.52 
2.88 
2.86 



2.87 
1.89 
1.69 
1.00 



AveiBfe craaldBf 
' weight 



6.64 
4.64 
6.19 

5.48 
4.88 
4.36 



3.94 

2.97 
2.06 
1.06 



The following Table is taken from one published in Vol. 2, 
Civil Engineer and Architects Journal^ which forms a part of 
the Report on tlie subject of selecting stone for the New Houses 
of Parliament. The specimens submitted to experiment were 
cubical blocks measuring two inches on an edge. 



DIICKimOM OP tTONB. 


Specific gravity^ 


Weight produ- 
cing fracture. 


Cnuhiiigw*ghi. 


Sar^'St<mes. 








Craigleith .... 
Darley Dale .... 

Heddon 

Kenton 

Mansfield .... 


2.232 
2.628 
2.229 
2.247 
2.338 


1.89 

2.75 

• 0.82 

1.51 

0.88 


3.5 

3.1 

1.75 

2.21 

1.64 


Magnesian lAme'SUmes. 








Bolsover 

Huddlestone 

Roach Abbey .... 

Park Nook . . . . 


2.316 
2.147 
2.134 
2.138 


2.21 
1.03 
0.75 
0.32 


3.75 
1.92 
1.73 
1.92 


Oolitee. 








Ancaster ... 

Bath Box 

Portland 

Ketton 


2.182 
1.839 
2.145 
2.045 


0.75 
0.56 
0.95 
0.69 


1.04 
0.66 
1.75 
1.18 


Lme-stones, 








Barnack 

Chilmark, (sUicums) 

Hamhill 


2.000 
2.481 
2.260 


0.50 
1.32 
0.69 


0.79 
3.19 
1.80 



The numbers of the first column give the specific gravitiei; 
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those in the second column the weight in tons on a square inch, 
when the stone commenced to fracture ; and those in the third 
the crushing weij^t on a square inch. 

The following Table erhibiu the results of experiments on the 
resistance of stone to a transverse straiUy made by Colonel Pasley, 
on prisms 4 inches long, the cross section being a square of 2 
inches on a side ; the distance between the points of support 
3 inches. 





Welcht of ftone 
per eaUe foot 
in lbs. 


weigbtlnlbi. 


1. Kentish Rur 

3. Cornish granite . 

4. Portland 

5. Craigleith . 

6. Bath . 

7. Well-bumed bricks 

8. Inferior bricks . 








166.69 
147.67 
172.34 
148.08 
144.47 
13S.58 
01.71 


4581 

2887 

2808 

2682 

1806 

666 

762 

329 



284. The conductors of the experiments on the stone for the 
New Houses of Parliament, Messrs. Daniell and Wheatstone, 
who also made a chemical analysis of the stones, and apphed to 
them Brard's process for testing their resistance to frost, have 
appended the following conclusions from their experiments : — 
** if the stones be divided into classes, according to tneir chemical 
composition, it will be found that in all stones of the same class 
there exists generally a close relation between their various phy- 
sical quahties. Thus it will be observed that the specimen wnich 
has the greatest specific gravity possesses the greatest cohesive 
strength, absorbs the least quantity of water, and disintegrates 
the least by the process which imitates the eflfects of weather. 
\ comparison of all the experiments shows this to be the general 
rule, thouffh it is liable to individual exceptions." 

'^ But mis will not enable us to compare stones of different 
classes together. The sand-stones absorb the least quantity of 
water, but they disintegrate more than the magnesian lime-stones, 
which, considering their compactness, absorb a great deal." 

285. Rondelet, from a numerous series of eroeriments on the 
same subject, published in his work, Art de B&tir^ has arrived 
at like conclusions with regard to the relations between the 

ecific gravity and strength of stones belonging to the same 



286. Among the results of the more recent experiments on this 
■ubjecti those obtained by Mr. Hodgkinson, showing the relation 

10 
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between the crushing, the tensile, and the transverse strengdi of 
stone, have ahready been given. 

M. Vicat, in a memoir on the same subject, published in the 
Annales des Fonts et Chatiss^eSy 1833, has arriyed at an opposite 
conclusion from Mr. Hodgkinson, stating, as the results of his 
experiments, that no constant relation exists between the crush- 
ing and tensile strength of stone in general, and that there is no 
other means of determining these two forces, but by direct ex- 
periment in each case. 

287. The influence of form on the strength of stone, and the 
circumstances attending the rupture of hard and soft stones, haye 
been made the subject of particular experiments by Rondelet and 
Vicat. Their experiments agree in establishing the points that 
the crushing weight is in proportion to the area of the base. 
Vicat states, more generally, that the permanent weights borne 
by similar solids of stone, under like circumstances, will be as 
the squares of their homologous sides. These two authors agree 
on the point that the circular form of the base is the most favor- 
able to strength. They difier on most other points, and particu- 
larly on the manner in which the different kinds of stone yield by 
rupture. 

288. Practical Deductions. Were stones placed under the 
same circumstances in structures as in the eroeriments made to 
ascertain their strength, there would be no difficulty in assigning 
what fractional part of the weight which, in the comparatively 
short period usually given to an experiment, will crush them, 
could be borne by them permanently with safety. But, in- 
dependently of the accidental causes of destruction to which 
structures are exposed, imperfections in the material itself, as 
well as careless workmanship, from which it is often placed 
in the most unfavorable circumstances of resistance, require to 
be guarded against. M. Vicat, in the memoir before-mentioned, 
states that a permanent strain of tVt of ^^ crushing force of ex- 
periment, may be borne by stone without danger of impairing its 
cohesive strength, provided it be placed under the most favorable 
circumstances of resistance. This fraction of the crushing weight 
of experiment is greater than ordinary circumstances would jus- 
tify, and it is recommended in practice not to submit any stone 
to a greater permanent strain than one tenth of the crushing weight 
of experiments made on small cubes measuring about two inches 
on an edge. 

The following Table shows the permanent strain, and crushing 
weight, for a square foot of the stones in some of the most re 
muwable structures in Europe. 
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Permanent 


Crashing 




•train. 


welglit. 


Pillars of the dome of St. Peter's, (Rome) 


33330 


536000 


Do. St. Paul's, {London) 


39450 


537000 


Do. St. Genevieve, {Paris) 


60000 


456000 


Do. Church of Toussaint, (J n^er«) . 
Lower courses of the piers of the Bridge of Neuilly 


90000 


900000 


3600 


570000 



The stone employed in all the structures enumerated in the 
Table, is some variety of lime-stone. 

289. Expansion of Stone from Heat, Experiments have been 
made in this country by Prof. Bartlett, and in England by »Mr, 
Adie, to ascertain the expansion of stone for every degree of 
Fahrenheit. The experiments of Prof. Bartlett give the follow- 
ing results : 



Granite expands for every degree 
Marble *' 

Sandstone " '* 



.000004825 
.000005668 
.000009532 



Table of the Expansion of Stone^d-Cyfrom the Experiments of 
Alexander J. AdieyCtvil Engineer ^ Edinburgh. 



\ 


OMkaalorui 
iaek M » 


Dteijoal •# 


Dtetaul mt 




DBMBimoM or rrom. 


aw.'- 


jj^*. 


Rcnuki. 


i LRomuieeinent. . . 


xaama 


J)014340 


410000750 




; 8. Sicilian white marble . 


saasaost 

MSaMi 


J0014147 
JOOIIOUI 


.00000780 
J00000013 


One experiment, (wmL) 
Mean of three, (dry.) 




.0874344 


.0011938 


010000068 


One experiment, {mtauL) 


J015O4O5 


jooaosao 


.00008363 


I Mean of two, (dry.) 


5.8lale,(><2cA) . . . 


.0838650 


X011743 
.0010376 


JXX100S78 


Meanofimrezperimenlf. 
Mean of three do. 


«. Bed granite, (PctariUo^ | 


.0880416 
.0900806 


J1008583 
.0008908 


.00000498 


( One experiment, (MMft) 
{Mean of two, (dry.) 


7. Arliroath payment 


il900098 


.0008085 




Mean of four experiments. 


8L Caithneea pavement 


.0805788 


.0008047 


.00000407 


Mean of three do. 


9. Green-ttone, (AoOtf) . 
la Gray granite, (^»«r^M») 


01180043 


jwosoeo 


.00000448 


Mean of three do 


.01815005 


mnsm 




Mean of two do. 


11. BMtftoek brick . . 


A186S4S 


.0005508 


010000306 


Mean of two do. 


19.Flrebriek .... 


A1IS334 


.0004098 


.00000874 


Mean of two do. 


13L Black marble, (Oa/foey) 


J0108304 


.00044510 


UXI000M7 


Mean of three do. 



290. Strength op Mortabs. A very wide range of experi- 
ments has been made, within a few years back, by engineers ooth 
at home and abroad, upon the resistance offered by mortars to a 
transversal strain, with a view to compare their qualities, both as 
regards their constituent elements ana the processes followed in 
their manipulation. As might naturally have been anticipated, 
these experiments have presented very diversified, and, in mooy 
instances, contradictory results. The general conclusions, how- 

r, drawn from them, have been nearly the same in the majority 
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of cases ; and they furnish the engineer with the most reliable 
guides in this important branch of ms art. 

291. The usual method of conducting these experiments has 
been to subject small rectangular prisms of mortar, resting on 
points of support at their extremities, to a transversal strain ap* 
plied at the centre point between the bearinffs. This, perhaps, 
is as unexceptionable and conyenient a method as can be followed 
for testing the comparative strength of mortars. 

292. M. Vicat, in the work afieady cited, gives the following 
as the average resistances on the square inch offered by mortars 
to a force of traction ; the deductions being drawn from experi- 
ments on the resistance to a transversal strain. 



Mortars of very strong hydraulic lime 


170 pounds 


" ordinary do. 


. 140 " 


** mediam do. 


100 « 


** common lime 


40 " 


" do. (bad quality) 


10 « 



These experiments were made upon prisms a year old, which 
had been exposed to the ordinary cnanges of weather. With re- 
gard to the best hydraulic mortars of the same age which had 
been, during that same period, either inunersed in water, or 
buried in a damp position, M. Vicat states that their average 
tenacity may be estimated at 140 pounds on the square inch. 

293. General Treussart, in his work on hydraulic and common 
mortars, has given in detail a large number of experiments on the 
transversal strength of artificial hydraulic mortars, made by sub- 
mitting small rectangular parallelepipeds of mortar six incnes in 
length, and two inches square, to a transversal strain applied at 
the centre point between the bearincs, which were four inches 
apart. From these experiments he deduces the foUovidng prac- 
tical conclusions. 

That when the parallelopipeds sustain a transversal strain vary- 
ing between 220 and 330 pounds, the corresponding mortar will 
be suitable for common gross masonry ; but that for important 
hydraulic works the parallelopipeds should sustain, before yield- 
ing, from 330 to 440 pounds. 

294. The only published experiments on this subject made in 
this country are those of Colonel Totten, appended to his transla- 
tion of General Treussart's work. The results of these experi- 
ments are of peculiar value to the American engineer, as they 
were made upon materials in very general use on the public 
works throughout the coun^. 

From these experiments Colonel Totten deduces the following 
general results : 

. 1st. That mortar of hydraulic cement and sand is the i 
and harder as the quantity of sand is less. 
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2d. That common mortar is the stronger and harder as the 
quanti^of sand is less. 

3d. That any addition of common lime to a mortar of hydraulic 
cement and sand weakens the mortar, but that a little lime may 
be added without any considerable diminution of the strength of 
the mortar, and with a saving of expense. 

4th. The streuj^h of common mortars is considerably improved 
by the addition of an artificial puzzolana, but more so by the ad- 
dition of an hydraulic cement. 

5tli. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slaked by sprinkling gave better results than lime 
slaked by drovtmiiig. A few experiments made on air-slaked lime 
were unuivorable to that mode of slaking. 

7th. Both hydraulic and common mortar yielded better results 
when made witli a small quantity of water than when made thin. 

8th. Mortar made in the mortar-mill was found to be superior 
to that mixed in the usual way with a hoe. 

9th. Fresh water gave better results than salt water. 

295. Strength of Concrete and Beton. From experiments 
made on concrete, prepared according to the most approved pro- 
cess in England, by Colonel Pasley, it appears that this material 
is very inferior in strength to good brick, and the weaker kinds 
of natural stones. 

From experiments made by Colonel Totten on beton, the fol- 
lowing conclusions are drawn : 

That beton made of a mortar composed of hydraulic cement, 
common lime, and sand, or of a mortar of hydraulic cement and 
sand, without lime, was the stronger as the quanti^ of sand was 
the smaller. But there may be 0.50 of sand, and 0.25 of com- 
mon lime, without sensible deterioration ; and as much as 1 .00 of 
sand, and 0.25 of lime, without great loss of strength. 

Beton made with just sufficient mortar to fill 3ie void spaces 
between the fragments of stone was found to be less strong than 
that made witli double this bulk of mortar. But Colonel Totten 
remarks, that this result is perhaps attributable to the difficulty 
of causing so small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, in es^riments made on a 
small scale. 

The strongest beton was obtained by using quite small frag- 
ments of brick, and the weakest from small, rounded, stone gravel. 

A beton formed by pouring grout among fragments of stone, or 
brick, was inferior in strengm to that made in the usual way with 
mortar. 

Comparing the stren^ of the betons on which the experi- 
meiits were made, which were eight months old when tried, with 
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that of a sample of sound red sand-stone of good quality, it ap 
peais that the strongest prisms of beton were only half as strong 
as the sand-stone. 

296. Strength of Timber. A wide range of experiments 
has been made on the resistance of timber to compression, ex- 
tension, and a transverse strain, presenting very variable results. 
Among the most recent, and which command the greatest confi- 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transverse strain; the latter on that to com- 
pression. 

297. Resistance to Extension. The following Table exhibits 
the specific gravity, and the mean resistance per square inch of 
various kinds of timber, from the experiments of Prof. Barlow. 



BpecgnT. 



Mflftn ttrongth of< 
oohetloo pe 
■quafe inch. 



Ash, (English) . 
Beech, do. 
Box . 

Deal, (Christiana) 
Do. (Memel 
Elm . 

Fir, (New England) 
Do. (Riga) . 
Do. (Mar Forest) 
Larch, (Scotch) . 
Locust 
Mahogany . 
Norway span 

Oak, (English) . 

Do. (African) 
Do. (Adriatic) . 
Do. (Canadian 
Do. (Dantzic) . 
Pear . 
Poon . 
Pine, (pitch) 
Do. (red) . 
Teak . 



from 
to 



0.760 
0,70<y 
1.000 
0.680 
0.590 
0.640 
0.550 
0.750 
0.700 
0.540 
0.950 
0.637 
0.580 
0.700 
0.900 
0.980 
0.990 
0.872 
0.760 
0.646 
0.600 
0.660 
0.660 
0.750 



17000 
11500 
20000 
11000 
11000 

5780 
12000 
12600 
12000 

7000 
20580 

8000 
12000 

9000 
15000 
14400 
14000 
12000 
14500 

9800 
14000 
10500 
10000 
15000 



298. But few direct experiments have been made upon the 
elongations of timber from a strain in the direction of the fibres 
From some made in France by MM. Minard and Desormes, it 
would appear that bars of oak having a sectional area of one 

Suare inch, will be elongated .001 176 of their length by a strain 
one ton. 
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299. Resistance to Compression. The following Table ex- 
hibits the results obtained by Mr. Hodgkinson from experiments 
on short cylinders of timber with flat ends. The diameter of 
each cylinder was one inch, and its height two inches. The re- 
sults, in the first column, are a mean from about three experiments 
on timber moderately dry, being such as is used for making 
models for castings ; those in the second column were obtained, 
in a like manner, from similar specimens, which were turned and 
kept dry in a warm place two months longer. A comparison of 
the results in the two columns, shows the effect of drying on the 
strength of timber ; wet timber not having half the strength of 
the same when dry. The circumstances of rupture were the 
same as already stated in the general observations under this 
head ; the heignt of the wedge which would slide off in tim- 
ber being about half the diameter, or thickness of the specimen 
crushed. 



•noBimoi or wood. 



Birength par flqiiare inch 



Ti 



Alder 

Ash 

Baywood .... 
Beech .... 
Birch, (Atneriean) 

Do. (English) . 
Cedar . . • . 

Crab 

Red deal .... 
White deal. 

Elder 

Elm 

Fir, (spruce) 

Hornbeam .... 

Mahogany . 

09k,lQueb€e) . 

Do. (English) . 

Do. (Dantzicy very dry) 

Pine, (jfiUh) 

Do. h/ellaw, full of turpentine) 

Do. (red) . 

Poplar .... 

Plum, (wet) 

Do. (dry) 
Sycamore .... 

Teak 

Larch, (fallen two months) . 
Wabat .... 
WiUow .... 



6831 
8683 
7618 
7733 
3397 
3397 
5674 
6499 
5748 
6781 
7451 

6499 
4533 
8198 
4331 
6484 

6790 
5375 
5395 
3107 
3654 
8341 
7083 

3301 
6063 
3898 



6960 
9363 
7518 

19363 

11663 
6403 
5863 
7148 
6586 
7393 
9973 

10331 
6819 
7389 
8198 
5983 

10058 
7731 
6790 
5445 
7518 
5134 

to 1049 

13101 
5568 
7337 
6138 



300. Renstance of Square Pillars. Mr. Hodgkinson has 
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made a number of invaluable experiments on the strength of 
pillars of timber, and of columns of iron and steel, ana from 
them has deduced formulae for calculating the pressure which 
they will support before breaking. The experiments on timber 
were made on pillars with flat ends. The following are the for- 
mulae from which their strength may be estimated. 

Calling the breaking weight in lbs. W. 

" the side oittie square base in inches d. 
" the length of the pillar in feet /. 

Then for long columns of oak, in which the side of the square 
base is less than j\Xh the height of the column ; 

W^= 24642^. 
and for red deal, 

For shorter pillars, where the ratio between their thickness and 
height is such that they still yield by bending, the strength is es- 
timated by the following formula : 

Calling the weight calculated from either of the preceding for- 
mulae, W. 

Calling the crushing weight, as estimated from the preceding 
Table, W. 

Calling the breaking weight in lbs., W. 

Then the formula for the strength is 

WW 
W^+ IW' 

In each of the preceding formulae d must be taken in inches, 
and / in feet. 

301. Resistance to Transverse Strains. As timber, from the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greater number of experiments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the linear dimensions of the piece subjected 
to the strain. These relations have been made the subject of 
mathematical investigations, founded upon data derived from ex* 

?jriment, which will be given in the Appendix. The foDowing 
able exhibits the results of experiments made upon beams having 
a rectangular sectional area, which were laid horizontally upon 
supports at their ends, and subjected to a strain applied at the 
middle point between the supports, in a vertical direction. 

For a more convenient application of the formulae to the results 
of the experiments, the notation adopted in the preceding Art 
will be here given. 
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Call the transverse force necessary to break the beam in lbs., W. 
** the distance between the supports in inches, /. 
** the horizontal breadth of the sectional area in inches, b. 
" the vertical depth " " " d. 

*' the deflection arising from a weight w in inches,/. 

Table of Experiments with the foregoing Notation, 



BBtCMPnOM or WOOD. 


8p«>ifie 
gnr. 


T 


T 


T 


T 


10. 


Vdo. 


Authon of ox. 


CMi,(Engli»k) . . . 

Ptai^ {jamtrieam) . . 
Onk, (Emgiish) . . . 
White tpnice,(ani4»iiam) 
W1iiC6Flne,(^»mMii). 
Black sprace, do. 
Sonthani pine, do. 


M 
ASS 

.400 
.87* 


InehM. 
84 
84 
84 
30 
84 
85.S 
85^ 
65S 


IneiiM. 

s 

3 
3 

1 

1 

3.75 

3.75 

8.75 


IneltM. 

8 

3 

8 

1 

1 

5JSS 

5.55 

5.54 


Inehea. 

1.380 

t.080 

0.931 

0.5 

0J» 

0.177 

0.177 

0.177 


ibi. 
300 
335 
150 
137 
180 
777 
893 
1175 


Iba. 
837 
673 

5189 
5646 
9337 


Praf.Bariow. 

u 
u 

Tredeold. 
Lieut Brown. 

u 



302. Resistance to Detrusion, From the experiments of Prof, 
fiarlow, it appears that the resistance offered by the lateral adhe- 
sion of the nbres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated at 592 lbs. per square inch. 

Mr. Tredgold gives the following as the results of experiments 
on the resistance offered by adhesion to a force appliea perpen- 
dicularly to the fibres to tear them asunder. 

Oak . . 2316 lbs. per square inoh. 
Poplar. . 1782 " '« 

Larch, 070 to 1700 " " 

303. Strength op Cast Iron. The most recent experiments 
on the strength of this material are those of Mr. Hodgkinson. 
Those, particularly, made by liim on the subject of the strength 
of columns, and the most suitable form of cast-iron beams to sus- 
tain a transyersal strain, have supplied the engineer and architect 
with the most valuable guide in adapting this material to the 
various purposes of structures. 

304. Resistance to Extension. From a few experiments made 
by Mr. Rennie and Captain Brovm, the tensile strength of cast 
iron varies firom 7 to 9 tons per square inch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iron give the tensile strength from 6 to 9f tons per square 
inch. 

From some experiments made on American cast iron, under 
the direction of the Franklin Institute, the mean tensile strength 
is 20834 lbs., or 9| tons per square inch. 

305. Resistance to Compression, The general circumstances 
attending the rupture of this material by compression^ drawn firom 

1] 
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the es^riments of Mr. Hodgkinson, have already been given. 
The angle of the wedge resulting from the rupture is about 55°. 

The mean crushing weight derived from experiments upon 
short cylinders of hot blast iron was 121,685 lbs., or 54 tons 6j> 
cwt. per square inch. 

That on short prisms of the same, with square bases, 100,738 
lbs,, or 44 tons 19^ cwt. per square inch. 

That on short cylinders of cold blast iron was 125,403 lbs., or 
55 tons 19^ cwt. per square inch. 

That on short prisms of the same, having other regular figures 
for their Bases, was 100,631 lbs., or 44 tons 18j^ cwt. per square 
inch. 

Mr. Hodgkinson remarks with respect to the forms of base 
differing from the circle : " In the other forms the difference of 
strength is but little ; and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstances attending the rupture, Mr. 
Hodgkinson farther observes : " We may assume, therefore, 
without assignable error, that in the crushing of short iron prisms 
of various fonns, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break m the 
same manner, the proportionality of the crushing force in different 
forms to the area ; since the area of fracture would always be 
equal to the direct transverse area multipUed by a constant quan- 
tity dependent upon the material." 

Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in Cast Irony from Mr, Hodgkinsoris Experiments. 



DBtcEimoir or mbtal. 


ComprMsiTe foroe 
per iqaare iach. 


Tensile force per 


Ratio. 


Devon iron, No. 3. Hot blast 
Baffery iron, No. 1. Hot blast 

Do. ** Cold blast 

Coed-Taleniron,No.2. Hot blast 

Do. " Cold blast 

Carron iron, No. 2. Hot blast 

Do. '« Cold blast 
Carron iron, No. 3. Hot blast 

Do. " Cold blast 


145,435 

86,397 

33,385 

82,734 

81,770 

108,540 

106,375 

133,440 

115,442 


21,907 
13,434 
17,466 
16,676 
18,855 
13,505 
16,683 
17,755 
14,200 


6.638 : 1 
6.431 : 1 
5.346 : 1 
4.961 : 1 
4.337 : 1 
8.037 : 1 
6.376 : 1 
7.615 : 1 
8.129 : 1 



306. Resistance of Cylindrical Columns. The experiments 
under this head were made upon solid and hollow columns, both 
ends of which were either flat or rounded, fixed or loose, or one 
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end flat and the other rounded. In the case of columns with 
rounded ends, the pressure was applied in the direction of the 
axis of the column. 

The following extracts are made from Mr. Hodgkinson's paper 
on this subject, pubUshed in the Report of the British Association 
of 1840. 

" 1st. In all long pillars of the same dimensions, the resistance 
to crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

^* 2d. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends round, and one with both ends 
flat. Thus, of three cylindrical pillars, all of the same length 
and diameter, the first naving both its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
flat, the strengths are as 1, 2, 3, nearly. 

"3d. A long, uniform, cast-iron pillar, with its ends firmly 
fixed, whether by means of discs or otherwise, has the same 
power to resist breaking as a pillar of the same diameter, and 
naif the length, with the ends rounded or turned so that the force 
would pass through the axis. 

" 4th. The experiments show that some additional strength is 
^ven to a pillar by enlarging its diameter in the middle part ; this 
mcrease does not, however, appear to be more than one seventh, 
or one ei^th of the breaking weight. 

" 6th. The index of the power of the diameter to which the 
strength of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared from the re- 
sults of a great number of experiments ; or the strength of both 
may be taken as the 3.6 power of the diameter nearly. 

" 6th. In pillars of the same thickness, the strength is inversely 
proportional to the 1.7 power of the length nearly. 

" Thus the strength of a solid pillar with rounded ends, the 

diameter of which is d, and the length /, is as •^." 

" The absolute strength of solid pUlars, as appeared from the 
experiments, are nearly as below. 
In pillars with rounded ends, 

Strength in tons = 14.9 ■^. 

In pillars with flat ends, 

Strength in tons = 44.16 ^. 

In hollow pillars nearly the same laws were found to obtain ; 
thus, if D and c2 be the external and internal diameters of a pillai 
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whose length is Z, the strength of a hollow cylinder of which the 
ends were moveable (as in the connecting rod of a steam-engine) 
would be expressed by tlie formula below. 

Strength m tons = 13 jpj . 

In hollow pillars, whose ends are flat, we had from experiment 
as before, 

2)8.6 _ ^6 

Strength in tons = 44.3 j^ 

The formulae above apply to all pillars whose length is not 
less than about thirty times the external diameter; for pillars 
shorter than this, it is necessary to have recourse to the * for- 
mula,' given under the head of Strength of Timber, for short 
pillars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron." 

307. Similar Pillars, "In similar pillars, or those whose 
length is to the diameter in a constant proportion, the strength is 
nearly as the square of the diameter, or of any other linear di- 
mension ; or, in other words, the strength is nearly as the area 
of the transverse section." 

" In hollow pillars, of greater diameter at one end than the 
other, or in the middle than at the ends, it was not found tliat 
any additional strength was obtained over that of cylindrical 
pillars." 

" The strength of a pillar, in the form of the connecting rod of 
a steam-engine," (that is, the transverse section presenting the 
figure of a cross -f,) " was found to be very small, perhaps not 
hSf the strength that the same metal would have given if cast in 
the form of a uniform hollow cylinder." 

" A pillar irregularly fixed, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pillars fixed at one end and moveable at the otiier, as in those flat 
at one end and rounded at the other, break at one third the length 
from the moveable end ; therefore, to economize the metal, they 
should be rendered stronger there than in other parts." 

308. Long-continued Pressure on Pillars. " To determine 
the efiect of a load lying constantly on a pillar, Mr. Fairbaim had, 
at the writer^s suggestion, four piUars cast, all of the same length 
and diameter. The first was loaded vrith 4 cwt., the second 
with 7 cwt., the third with 10 cwt., and the fourth with 13 cwt. ; 
this last load was //y of what had previously broken a pillar of 
the same dimensions, when the weight was carefully laid on with- 
out loss of time. The pillar loaded with ] 3 cwt. bore the weight 
between five and six months, and then broke." 

309. General Properties of Pillars. " In pillars of wrought 
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iron, steel, and timber, the same laws, with respect to rounded 
and flat ends, were found to obtain, as had been shown to exist 
in cast iron." 

** Of rectangular pillars of timber, it was proved experimental* 
ly that the pilkr of greatest strengdi of the same material is a 
square." 

310. Comparative Strengths of Cast Iron^ Wrought Iron^ 
Steel, and Timber. 

** It resulted from the experiments upon pillars of the same 
dimensions but of different materials, that if we call the strength 
of cast iron 1000, we shall have for wrought iron 1746, cast steel 
2518, Dantzic oak 108.8, red deal 78.5.'^ 

311. Resistance to Transverse Strains, The following Tables 
and deductions are drawn from the experiments of Messrs. Hodg- 
kinson and Fairbaim, on hot and cold blast iron, as published m 
their Reports to the British Association in 1837. 

Table exhibiting the results of experiments by Mr. Hodgkinson 
on bars of hot blast iron 5 feet long, with a rectangular sec- 
tional area ; the bars resting horizontally on props 4 feet 6 
inches apart ; the weight being applied at the middle of the 
bar. 



EznEIMBHT 1. 


ExraRunirr 13. 




RactangQlar bar, 
IM Inch broad. 


BectancQlar bar. 
l^Bincbetfaraad, 


Eeetancalar bar, 
littlncEea broad. 


IM ** deep. 
Weight of bar, 15 Iha. S oc 


3.00 ^ deep. 


4.96 ^ deep. 
Weight 78 lb*. 


s 


A 


^h 


3 


A 


j 


JS 


.9 


1 


¥ 


P 




1' 


P 


S 
1 


1' 


P 


1 


16 


.037 


visible 


1474 


_ 


.001 


5867 


.137 


- 


93 


.053 


increased 


1605 


.130 


.003 


6798 


.153 


.01 


30 


.070 


.001? 


1866 


.156 


.006 


7730 


.177 


- 


56 


.13S 


.003 


3136 


.185 


.010 


8661 


.807 


— 


113 


.871 


.008 


3388 


.313 


.013 


9593 


.335 


- 


8^4 


.588 


.037 


2649 


.343 


.017 


10534 


.375 


.03 


336 


.040 


.087 


3910 


.373 


.033 


11087 


broke 


- 


448 


1.360 


.181 


3173 


.307 


.030 


• - 


- 


- 


460 


broke 


. 


3433 


.340 


.038 


— 


- 


— 




^ 


^ 


3694 


.378 


.060 


— 


— 


— 


- 


- 


- 


3956 


broke 


— 


— 


"- 


~ 




Uldmate deHectUm 


Ultmatedeileellai 


IwiMlBdiea. 


.miBch. 


JWtMh. 
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Results of experiments, by the same, on the transverse strength of 
cold blast iron ; length of bars, and distance between the points 
of support the same as in the preceding Table, 



EzrBEivsitT 1. 


EZPBEUfBHT 12. 


EznnimMT VL 


RectuiKalar bar, 
1.02S Inch deep, 
1.00S » brottd. 
Weifht,151b«.6(». 


Rectanrnlar bar, 

3.00 Inches deep. 

1.03 " broad. 

Weight, 46 lbs. 8 OS. 


Rectangalar bar, 

1.03 » broad. 
Weight, 78 lbs. 




& 


la 


¥ 


a 


11 


¥ 


a 


Set in 
Inches. 


16 


.033 


▼isible 


1082 


.091 


.003 


4936 


.110 


.013 


30 


.062 


increased 


1343 


.111 


.006 


5867 


.130 


_ 


56 


.120 


.002 


1605 1 .138 


.008 


6798 


.153 


.020 


US 


.240 


.007 


1866 


.164 


.010 


7730 


.179 


.025 


168 


.370 


.014 


2126 


.190 


.012 


8662 


.195 


. 


224 


.510 


.028 


2388 


.220 


.015 


9593 


.219 


.034 


280 


.649 


.041 


2649 


.250 


.019 


10525 


.250 


.042 


336 


.798 


.061 


2910 


.281 


.026 


10588 


broke 


. 


392 


.953 


.084 


3172 


.310 


.031 


. 


. 


. 


448 


1.120 


.120 


3433 


.345 


.037 


— 


. 


.. 


604 


1.310 


.170 


3694 


.378 


.^46 


- 


~ 


. 


514 


it bore 


— 


3825 


broke 


— 


— 


. 


. 


518 


broke 


- 


- 


- 


- 


- 


- 


- 


UiUmate deflecUon 
1 J6 inch. 


Ultimate deflection 
0305 inch. 


Ultimate deflectioii 
0.SS8. 



312. The following remarks are extracted from the same Re- 
port : " I had remarked, in some of the experiments, that the 
elasticity of the bars was injured much earher than is generally 
conceived ; and that instead of its remaining perfect till one thira, 
or upwards, of the breaking weight was laid on, as is generally 
admitted by writers, it was evident that Jth, or less, produced in 
some cases a considerable set or defect of elasticity ; and judging 
from its slow increase afterwards, I was persuaded that it had not 
come on by a sudden change, but had existed, though in a less 
degree, from a very early period." 

" From what has been stated above, deduced from experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foimdation in nature ; but 
it will be considered as a compensating fact, that materials will 
bear for an indefinite period a much greater load than has hitherto 
been conceived." 

313. "We may admit," from the mean results, "that the 
■trength of rectangular bars is as the square of the depth." 
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314. Effects of time upon the deflections caused by aperma^ 
,nent load on the middle of horizontal bars. 

The following Table exhibits the results of Mr. Fairbaim's ex- 
periments on this point. The experiments were made on bars 
5 feet long, 1.05 inch deep ; the one of cold blast iron, 1.03 inch 
broad ; the other of hot blast, 1.01 broad ; distance between the 
points of support 4 feet 6 inches. The constant weight sus- 
pended at the centre of the bars was 280 lbs. This weight re- 
mained on from March 11th, 1837, to June 23d, 1838. 



Cbid blut Inm. 
Deflection in 
inchM. 


Dateofobwrvation. 


Temp. 


Hot blast iron. 
DeflecUon in 
Inchet. 


Ratio of increase of 
deflections. 


.030 
.963 


March 11th, 1837, 
June d3d, 1838, 


78« 


1.064 
1.107 


— 


.033 


Increase, 




.043 


1000 : 1303 



315. Mr. Fairbaim in his Report remarks on the above and 
like results : " The hot blast bar m these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidityof increase, which it will be observed 
is considerably creator in the hot than in the cold blast bar." 

" It appears from the present state of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ; or 
otherwise to that position which indicates a correct adjustment 
of the particles in equilibrium with the load. Which of the two 
points we have in this instance attained is difficult to determine : 
sufficient data, however, are adduced to show that the weights 
are considerably beyond the elastic limit, and that cast uron will 
support loads to an extent beyond what has usually been consid- 
ered safe, or beyond that point where a permanent set takes place." 

316. Effects of Temperature, Mr. Fairbaim remarks ; " The 
mfusion of heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ; and I apprehend it 
will be found weaker, and less secure under the effects of heavy 
strain. This is observable to a considerable extent in the experi- 
ments" on transverse strength "ranging from 26" up to 190° Fahr." 

" The cold blast at 26** and 190**, is in strength as 874 : 743, 
The hot blast at 26*» and 190*, is in strenffth as 811 : 731, 
being a diminution in strength as 100 : 85 for me cold blast, and 
100 to 90 for the hot blast, or 15 per cent, loss of strength in the 
cold blast, and 10 per cent, in the hot blast." 

** A number of the experiments made on No. 3 iron have given 
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extraordinary and not unfrequently unexpected results. Gener* 
ally speaking, it is an iron of an irregular character, and presents 
less uniformity in its texture than eimer the first or second quali- 
ties ; in other respects it is more retentive, and is often usea for 
giving strength and tenacity to the finer metals.'' 

" At 212® yfe have in the No. 3 a much greater weight sus- 
tained than what is indicated by the No. 2 at 190** ; and at 60(r 
there appears in both hot and cold blast the anomaly of increased 
strengtn as the temperature is advanced from boiling water to 
melted lead, arising from tlie greater strength of the No. 3 iron.*^ 

317. Influence of Form in Cast Iron upon the Transverse 
Strength of Beams, Upon no point, respecting the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
valuable results to the engineer and architect, than upon the one 
under this head. The following Tables give the results of experi- 
ments on bars of a uniform cross section, (thus T>) cast from hot 
and cold blast iron. The bars were 7 feet long, and placed, for 
breaking, on supports 6 feet 6 inches asunder. 

Table exhibiting the results of experiments on bars of hot blast 
iron of the form of cross section as above. 



EXPBEIMHT 4. 


ExpuncsNT 5. 


Bu broken ^^^^ as shown 
with the rib downward. 


Bar brokm ^^^^ •■ shown 


with the rib upwaxd. 


¥ 


u 


i 


f* 


Deflection 
In Inches. 


i 


7 


.015 


liable 


7 


T 'not viriUel 


14 


.033 


.001 


14 


.035 


vunble 


31 


.046 


.003 


31 


.045 


.003 


28 


.064 


.004 


38 


.065 


.003 


56 


.130 


.006 


56 


.134 


.005 


113 


.873 


.030 


113 .270 


.015 


168 


.444 


.035 


334 .580 


.058 


334 


.618 


.058 


336 


.805 


.101 


380 


.813 


.093 


448 


1.334 


.155 


336 


1.030 


.130 


560 


1.585 


.335 


364 


broke 


.- 


673 


1.985 


.330 


. 




- 


784 


3.410 


.490 


. 


. 


~ 


606 


3.450 


.733 


- 


- 


- 


1008 


4.140 


1.040 


— 


— 


- 


1064 


- 


-. 


- 


- 


- 


1130 


broke 


- 


UltSnifttei 


leflaetton 1.136 inchet. 


Fractiure caused by a wedge SJB | 






inches 1 
thisfom 
ont 

Ultlms 


Higandl4» deeiHor 






te deflection 4830. 
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Ncte. The annexed diagram shows the 
foxin of the uniform cross section of the 
bars. The linear dimensions of the cross 
section in the two experiments were as fol- 
lows: 




Length of parallelogram AB 5 inches' 

Depth " AB 0.30 " 

Total depth of bar . CD 1.55 '' 

Breadth of rib . . . DE 0.36 ** 



. . 5 inches' 
► Expt.4. J 5^ « 
. . 0.365 " 



V Expt. 5. 



Table exhibiting results of experiments on bars of cold blast vrom 
bfeet longy of the same form of cross section as in preceding 
Table, 



BZFBBIMBIIT 4. 




B«lBokwi"T[" 


with rib 


Berfcrokeo JL^ with rib 




downwud. 




npwud. 

1 


A 


il 




a 


ii 




¥ 


i 


t' 


II 

«5 


1 


113 


.03 


^ 


113 


.03 


^ 


S34 


.07 


^ 


834 


.07 


-. 


336 


.11 


— 


336 


.11 


- 


393 


.13 


.006 


448 


.15 


~ 


430 


.14 


.007 


560 


.19 


.005 


448 


.16 


.010 


616 


.31 


.010 


560 


.19 


.013 


673 


.33 


« 


673 


.33 


.015 


738 


- 


.015 


784 


.38 


.033 


784 


.37 


. 


896 


.33 


.030 


896 


.31 


. 


953 


.35 


. 


1008 


.36 


» 


980 


broke 


.- 


1130 


.39 


-. 


. 


— 


- 


1344 


.48 


— 


- 


. 


- 


1568 


.57 


- 


-> 


- 


~ 


1793 


.67 


- 


~ 


— 


.- 


3016 


.80 


— 


~ 


. 


-. 


3340 


.95 


. 


- 


- 


- 


3396 


it bore 


- 


- 


- 


- 


3353 


broke 


- 


mem 


Mtedaflwtk 


nJS. 


UlOmate defleetkm IM. 

Fvacton by a wedge braaMnf 
oat u in Experimmit 5, Hot 

BiMt 



iVote* The linear dimensions of* the cross section of the bars, 
ill Ibe abore Table, were nearly the same as those in the prece* 
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ding Table, with the exception of the total depth CD, which, in 
.these last two experiments, was 2.27 inches, or a little more. 

318. The object had in view by Mr. Hodgkinson, in the ex- 
periments recorded in the two preceding T Ales, was twofold ; 
the one to ascertain the circumstances mider which a permanent 
set, or injmy to elasticity takes place ; the other to ascertain the 
effect of the form of cross section on the transverse strength of 
cast iron. The following extracts from the Report, give the 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 6," (on hot blast iron,) " which were 
on longer bars than the others, cast for this purpose, and for an- 
other mentioned further on, the elasticity (in JBxpt. 4) was sensi- 
bly injured with 7 lbs., and in the latter (Expt. 5) with 14 lbs., 
the breaking weights being 364 lbs., and 1120 lbs. In the for- 
mer of these cases a set was visible with j'j, and in the other 
with yV of the breaking weight, showing that there is no weight, 
however small, that will not mjure the elasticity." 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ; I was desirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ; in 
these a section of the casting, which was uniform throughout, had 

c 

the form X* During the experiments the broad part ah was laid 

a b 

horizontally upon supports ; the vertical rib c in the latter experi- 
ment being upward, in tlie former downward. When it was 
downward the rib was extended, when upward the rib was com- 
pressed. In both cases the part ah was the fulcrum ; it was thin, 
and therefore easily flexible ; but its breadth was such that it wa.«* 
nearly inextensible and incompressible, comparatively, with the 
vertical rib. We may therefore assume, that nearly the whole 
flexure which takes place in a bar of this form, arises from the 
extension or compression of the rib, according as it is downward 
or upward. In Expt. 4 we have extension nearly without com- 
pression, and in Expt. 5 compression almost without extension. 
These experiments were made with great care. They show that 
there is but little diflference in the quantity of set, whether it 
arises from tension or compression." 

" The set from compression, however, is usually less than that 
from extension, as is seen in the commencement of the two ex- 
periments, and near the time of fracture in that submitted to ten- 
sion. The deflections from equal weights are nearly the same, 
whether the rib he extended or compressed, but the ultimate 
strengths, as appears from above, are widely diflferent" 

319. Form of Cast Iron Beam best adapted to resist a Trans-^ 
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ver$e Strain. The experiments of Mr. Hodgkini^on on this sub- 
ject, published in the Memoirs of the Literary and Philosophical 
Society of Manchester^ Second Series, vol. 5, arc of equal in- 
terest with those just detailed, both in their general results and 
practical bearing. From these experiments, the conclusion drawn 
is that the form of beam in the annexed diagrams is the most fa- 
vorable for resistance to transverse strains. 

Fig. a. 





Fig. 6. 

€ t f 



^ 



1 



Fig. e. 
Fig. a represents the plan, Fig. b 

the elevation, and Fig. c the cross 
section (enlarged) at the middle of 
the beam. From the Figs, it will 
be seen, that the beam consists of 
three parts ; a bottom flanch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of sup- 
port would be placed, so as to form 
a portion of the common parabola on each side of the axis of the 
besun, the vertex of each parabola being at the centre of the beam. 
The object of this form of flanch was to make it, according to 
thecNTjr, the stronffest, with the same amount of material, to bear 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of^ uniform depth and 
breadth. 

The following are tlie relative dimensions of this fonn of beam 
which, from experiment, gave the most favorable result. 




Distance of supports . 

Total depth of beam .... 


. 4 ft. 6 inches. 


. " 6i " 


Breadth of top flaoch at centre of beam 


2.33 " 


•* bottom flanch •• 


6.66 " 




0.31 « 


'* bottom flanch . 


0.66 '' 


Thieknees of vertical rib . . . , 


0.266'' 


Total atea of cross sectton 


6.4 sqnara inolk 


Weight of beam .... 


. 71 lbs 
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'' This beam broke in the middle by compression with 26084 
lbs., or 11 tons 13 cwt., a wedge separating from its upper 
side." 

'^ The weights were laid gradually and slowly on, and the beam 
had borne wiuiin a little of its breaking weight a considerable time^ 
perhaps half an hour." 

" The form of the fracture and wedge is represented in the 
Fig. by where enf is the wedge, ef=5A inches, tn = 3.9 inches, 
angle enf= 82«.^' 

" It is extremely probable, from this fracture, that the neutral 
point was at n, .he vertex of the wedge, and therefore at jths the 
depth of the beam, since 3.9 = f x 5} nearly." 

The relative dimensions above given were arrived at by " con- 
stantly making small additions" to the bottom flanch, until a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having yielded by the bottom flanch tearing asunder. 

'* The great strenffth of tliis form of cross section is an indis- 
putable refutation of that theory which would make the top and 
bottom ribs of a cast iron beam equal." 

" The form of cross section" (as above) " is the best which we 
have arrived at for the beam to bear an ultimate strain. If we 
adopt the form of beam, (as above,) I think we may confidently 
expect to obtain the same strength with a saving of upwards of 
Jth of the metal." 

320. Rules for determining the ultimate Strength of Cast 
Iron Beams of the above forms. From the results of his experi- 
ments, Mr. Hodgkinson has deduced the following very simple 
formulae, for determining the breaking weight, in tons, when ap- 
plied at the middle of a beam. 

Call the breakmg weight in tons, W. 

Call the area of the cross section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the depth of the beam at the middle point, d. 

Call the distance between the supports, /. 

Then 

JV = 26^, 

when the beam has been cast with the bottom flanch upward ; 
and 

when the beam has been cast on its side. 
821. Effect of Horizontal Impact upon cast iron batrgfmid 
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Measure ofthe Resistance offered by cast iron to this force. The 
following Tables of experiments on this subject, and the results 
drawn ^m them, are taken from a paper by Mr. Hodgkinson* 
published in the Fifth Report of the British Association, 

The bars under experiment were impinged upon by a weight 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of the bar. The blow was given by al- 
lowing the weight to swing through different arcs. The bars 
were so confined against lateral supports, that they could take no 
vertical motion. 



Table of experiments on a cast iron bar^ Aft. 6 in. long, 1 in. 
broady { tn. thick, weighing 7| lbs., placed with the broadside 
against lateral supports 4 ft. asunder, and impinged upon by 
cast iron and lead balls weighing 8^ lbs., swinging through 
arcs ofthe radius 12 feet. 



Impact with iMdea faalL 



1 
9 
3 
4 
5 
6 



6.5 
13 
19 
27 
34 
47 



.34 
.46 
.73 
.97 
1.30 
1.60 



Impact with bOBbaU. 



1^ 

2a 



6.6 
14 
30 
39 
37 
48 



.93 
.46 
.65 
.98 
1.83 
1.65 



" Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the middle bent it (in the same direction that it was 
afterwards bent by impact) as below : 

98 lbs. bent it .37 inch. 

56 Uw. *« .77 *' Elasticity a little i^tmad.** 
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Tehhofecfj^enmenUcnacastironharlft, Umg^ lMin.hroadf 
and 1.05 in. tMcky weighing 23| lhs.y placed^ as in preceding 
$opperimentSy against supports 6 ft. 6 in. asunder, and bent by 
impacts in the middle. Impinging ball of cast iron weighing 
80| lbs. Radius of arcs 16 feet. 



faipMt npoD bar. 



9 
3 
4 
6 

6 

7 
8 



.46 
.62 
.87 
1.03 
1.S4 
1.44 
1.80 



iDtpact upon the 



let upon t 



9 
3 
4 

6 
6 

7 
8 
9 



.31 

.43 

.69 

.81 

1.04 

1.98 

1.41 

1.63 



The results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge against a weight of 56 
lbs., hung so as to be in contact witn the bar. 

'' Before the experiments on impact, the beam was laid on two 
supports 6 ft. 6 in. asunder, and was bent .78 in. by 123 lbs., 
(including the pressure from its own weight,) applied gently in 
the middle." 

Tables of experiments on two cast iron bars, 4 ft. 6 in. long y full 
inch square, weighing 14 lbs. 10 oz. nearly, placed against 
supports 4 feet apart, and impinged upon by a cast iron ball 
weighing 44 lbs. Radius 16 ft. 



ImpMt In the middle. 


Impact at one fourth the length flom the middle 
of the bars. 


Chords of arcs in 
feet. 


of the two ban 
in inehet. 


Chords of arcs 
in feet 


fiiean deflections 
of the two bars 
in Inches. 


Meaniatloorthe 
the two eases. 


9 

3 

4 

6 

5.5 

6 


.35 

.55 

.77 

.05 

1.05 

Broke in the 

middle 


9 

3 

4 

5 

5.5 

6 


.94 
.49 
.59 
.64 
.70 
Broke at the 
point of impact 


694 



The results in the 1st of the above Tables arc from bars struck 
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in die middle, those in the 2d Table are from bars struck at the 
middle point between the centre and extremity of the bar. 

322. From the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whether 
struck in the middle or half way between that and one end/' 

" From all the experiments it appears, that the deflection is 
nearly as the chord of the arc fallen through, or as the velocity 
of impact." 

The following conclusions^are drawn from the experiments. 

(1.) ^' If different bodies of equal weight, but differing consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, all the 
bodies will recoil with velocities equal to one another." 

(2.) " If, as before, a beam supported at its ends be struck 
horizontally by bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam vrill be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (though somewhat below) what 
would arise from the full varying pressure of a perfectly elastic 
beam, as it recovered its form after deflection." 

Note, This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies of different natures striking against 
a hard, flexible be^, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error, on a sup- 
position that they are inelastic." 

(5.) " The power of a uniform beam to resist a blow given 
horizontally, is the same in whatever part it is struck." 

323. From the results of the experiments of Messrs. Fairbaim 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1000 to 1226.3, 
the resistance of cold blast being represented by 1000; the re- 
sistance, or power of the beam to bear a horizontal impact, being 
measured by the product of its breaking weight from a transverse 
strain at the midole of the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, " supposes that all cast iron 
bars of the same dimensions, in our expenments, are of the same 
weight, and that the deflection of a oeam up to the breaking 
weight, would be as the pressure. Neither of these is true ; 
they are only approximations ; but the difference in the weights 
of cast iron bars of equal size is very Uttle, and taking them as 
the same, it may be inferred from my paper on Impact upon 
Beams, (Fifth Report of the British Association^) that the at* 
sumption above gives results near enough for practice." 
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324. Stbenoth of Wrought Iron. This material^ firom its 
very extensive applications in structures where a considerable 
tensile force is to oe resisted, as in suspension bridges, iron ties, 
&c., has been the subject of a very great number of experiments. 
Among the many may be cited those of Telford and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the direction of the 
Franklin Institute, and published in the 19th and 20th vols. {New 
Series) of the Journal of the Institute. 

Resistance to Extension, The following Tables exhibit the 
tensile strength of this material under ordinary temperatures, and 
in the different states in which it is used for structures. 

Table exhibiting the Strength of Square and Round bars of 
Wrought Iron. 



DBscKirnoMorisoir. 


Unftk of 


ExtMWiMb». 

fora rupton 


vvifinL 


Tndia 
nranctkptr 


AsthOT. 




CmL 


ininebM. 


Varna, 


■quuvioch. 




Bu 1 Inch iqaare, Wdsh 


1 


S.75 


90 


90 


Telftud. 


** " Sw^ish 


1 


0J75 


90 


90 


u 


Roandbar.SiD.diain. *' 


1 


S.S 


100 


99.98 


u 


Bar, Ul inch aqnara *' 


iJi 


0.19 


40.05 


93.75 


BVOWB. 


•' 1.19 


3.5 


3.00 


33.50 


93.75 


M 


Emmd bar, 1.31 In. diam.. RMssiam 


3J» 


S.35 


36.10 


96.50 


tt 


Bar, 1.S5 Inch square, fVeUh . 


3.5 


S.00 


38.05 


UM 


•* 


Bonod bar. Sin. diam. ** 


13.5 


18.50 


8S.75 


96.33 


U 


Bar* redaeod in the middle by 












haoimerlng to 0.375 In. square 


— 


— 


.. 


31.35 


Bntnel. 


OJO 


— 


- 


m. 


303) 


tt 


Bar, MiM»9ttn . 


- 


- 


- 


91 J8 


(FraBkUii 
( Insduite. 


** (sUtrods) .... 


. 


» 


. 


99J9 


tt 


•• 7>Mties««« 


. 


• 


-* 


SLSS 


u 


SdiMtery, Qmntetieut 


. 


— 


^ • 


95.89 


tt 


Sw«rff>A 


— 


— 


.m 


95.97 


« 


Cm<r« Cs., Paw. 


. 


— 


m. 


98j07 


t« 


'* LtutcMter Co^ Pma. . 


— 


— 


— 


96.18 


M 


** (eableiron) En^^itk 
** do. hammer hardened " 


. 


— 


.m 


96.82 


" 


. 


— 


. 


31.70 


U 


RutSUM 


. 


. 


— 


33J»5 


u 


" 0.190 " " 


- 


• 


- 


37 J8 
39.96 


« 

tt 


u 0.155 - 


. 


— 


. 


30.80 


tt 


" 0.10 •> Englitk 


~ 


■" 


~ 


35.81 


Telfort. 



Table exhibiting the Mean Strength of Boiler Iron, per square 
inch in Ibs.^ cut from plates with shears. 



Proooas of mannfactnrB. 


Bough edfe bar. 


Edges filed uni- 
formly. 


NotctaM filed into 
baroneaehedge. 


Piled irorv .... 
Hammered plate 
Puddled iron 


63,045 
47,606 
62,341 


Ill 


63,366 

58,447 
63,420 



It is remarked in the Report of the Sub-committee, '^ that the 
inherent irregularities of the metal, even in the best specimenSi 
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whedier of rolled or hammered iron, seldom &11 short of 10 or 15 
per cent, of the mean strength." 

From the same series of experiments, it appears that the 
strength of rolled plate lengthwise is about 6 per cent, greater 
than its strength crosswise. 

In the Tenth Report of the British Association in 1840, Mr. 
Fairbaim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
of iron plates lengthwise is 22.52 tons. 
Crosswise " 23.04 " 

Single-riveted plates " 18,590 lbs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100. 

The double-riveted plates will be . . 70. 

The single " " . . 66. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroad^ (Journal of Franklin Insti- 
tute, July, 1835,) states, as the results of his experiments, that a 
bar of malleable iron one inch square is donated the ioj^th part 
of its length by a strain of one ton ; that good iron is elongated the 
jg^th j)art by a strain of 10 tons, and is injured by this strain,, 
while indifferent, or bad iron is injured by a strain of 8 tons. 

From the Report made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
different strains, varying with the character of the material. The 
most ductile iron yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the ultimate strength ; the mean of thir- 
teen conmarisons being 0.641. 

326. Resistance to Compression, But few experiments have 
been pubhshed on the resistance of this material to compression. 
Rondelet states that it commences to yield under a pressure of 
about 70,800 lbs. per square inch, and that when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushing indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a TVansverse Strain, The follovring Ta- 
bles exhibit the circumstances of deflection from a transverse 
strain on bars laid on horizontal supports ; the weight being ap- 
)>lied at the middle of the bar. 

The Table I. gives the results on bars 2 inches square, laid on 
supports 33 inches asunder; Table II. the results on bars 2 
inches deep, 1.9 in. broad, bearing as in Table I. 

13 
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Tabli I. 


Tabli n. 




DeflMtioiit in 




DefleetloM te 


Weight tai tons. 


Incbea for each 


Weight hi tons. 


hiches (breach 




halftoa. 




half ton. 


.75 


.030 


.350 


« 


1.00 


.030 


.50 


.016 


1.50 


.030 


1.00 


.033 


3.00 


.030 


1.50 


.030 


3.50 


.030 


3.00 


.036 


3.00 


Set 


8.35 


.018 


. 


— 


3.50 


.036 


- 


^ 


3.75 


.038 


— 


- 


3.00 


.093 



The above experiments were made by Professor Barlow, and 
published in his Report abready cited. He remarks on the re- 
sult{( in Table II., that the elasticity was injured by 2.50 tons 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re- 
marks on these trials, that '' the measurements obtained in these 
experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results seem the 
most positive of any hitherto obtained ; still there can be little 
doubt this ratio varies in iron of diifferent qualities ; but looking 
to the preceding experiments, it is probably always from 1 to 3, 
to 1 to 5." 

329. Effects of time on the elongation of Wrought Iron from 
a constant strain of extension. M. Vicat has given, in the An- 
nales de Chimie et de Physique, vol. 54, some experiments on 
this point, made on iron wires which had not been annealed, by 
subjecting four wires, respectively, to strains amounting to the 
i, the ^, the ^, and | of their tensile strength, during a period of 
33 months. 

From the results of these* experiments it appears, that each 
wire, immediately upon the application of the strain to which it 
was subjected, received a certain amount of extension. 

The first wire, which was subjected to a strain of }th its ten- 
sile strength, was found at the end of the time in question not to 
have acquired any increase of extension. 

The second, submitted to ^d its tensile stren^, was elongated 
0.027 in. per foot, independently of the elongation it at first re- 
ceived. 

The third, subjected under like circumstances to a strain of 
^th its tensile strength, was elongated 0.40 in. per foot, besidet 
its fijrst elongation. 
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The fourth, similarly subjected to jths the tensile strength, was 
elongated 0.061, besides its first elongation. 

From obserrations made during the experiments, it was found 
that, reckoninff from the time when the first elongations took place, 
the rapidity of the subsequent elongations was nearly proportional 
to the times ; and that the elongations from strains greater than 
|th the tensile strength are, after equal times, nearly proportional 
to the strains. 

330. M. Vicat remarks in substance upon the results of these 
experiments, that iron wire, when not annealed, commences to 
exnibit a permanent set when subjected to a strain between the 
i and I of its tensile strength, and that therefore it is rendered 

Erobable that the wire ropes of a suspension bridge, which should 
e subjected to a like strain, would, when the vibratory motion to 
which such structures are liable is considered, yield constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure of the 
resistance offered by materials to strains exerted only some minutes, 
or hours, is entirely relative to the duration of tne experiments. 
To ascertain the absolute measure of this resistance, which should 
serve as a guide to the engineer, the materiab ought to be sub- 
jected for some months to strains ; while observations should be 
made during this period, with accurate instruments, upon the 
manner in \mich they yield under these strains. 

331. Effects of Temperature on the Tensile Strength of 
Wrought Iron. The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at high degrees of heat the tensile strength was 
greater up to a certain point than was exhibited by the same iron 
at ordinary temperatures. The Sub-committee in their Report 
remark : " This circumstance was noted at 212**, 392**, and 572", 
rising by steps of 180" each from 32", at which last point some 
trials have been made in melting ice. At the highest of these 
points, however, it was perceived that some specimens of the 
metal exhibited but little, if any, superiority of strength over that 
which they had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature." 

" It hence became apparent that any law, taking for a basis 
the strength of iron in its ordinary condition, and at common 
temperatures, must be liable to great uncertainty, in regard to its 
appucation to different specimens of the metal. It was evident 
that the anomaly above referred to must be only apparent^ and 
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that the tenacity actually exhibited at 572"*, as well as that which 

f>revails while the iron is in the state in which it was left by 
bmng, or rolling, must be below its maximum tenacity." 

From the experiments made upon several bars of the same 
iron, it appeared that their "maximum tenacity was 15.17 per 
cent, greater than their mean strength when tried cold." 

Calculating the maximum tenacity in other experiments from 
this standard, the Sub-committee have drawn up the following 
Table exhibiting the relations between diminutions from the max- 
imum tenacity and the degrees of temperature by which they are 
caused, from which the curve representing the law of these rela- 
tions can be constructed. 

Table. 



No-ofthecoin- 


Obterred tom- 


ObMTVwl tem- 


Obwrred dlinl- 
nattoa of le- 
BMity. 


FOw«r of the tempemtnm 


IMiiMn. 


pevat«re«. 




dimlnatloa of teiMcity 
at each point. 


1 


630* 


440* 


.0738 


3.36 


2 


670 


490 


.0869 


3.17 


3 


696 


616 


.0899 


3.38 


4 


663 


683 


.1166 


2.67 


5 


770 


690 


.1627 


2.86 


6 


834 


744 


.3010 


2.94 


7 


033 


863 


.3334 


2.97 


8 


1030 


960 


.4478 


2.92 


9 


nil 


1031 


.6614 


2.63 


10 


1166 


1076 


.6000 


2.60 


11 


1337 


1157 


.6633 


2.41 


13 


1317 


1337 


.7001 


2.14 
Mean 2.68 



The Sub-committee remark on the construction of the above 
Table : " As some of the experiments which frimished the stand- 
ards of comparison for strength at ordinary temperatures, were 
made at 80**, and as at this point small variations with respect to 
heat appear to affect but very sUghtly the tenacity of iron, it was 
conceived that for practical purposes, at least, the calculations 
might be commenced from that point." 

*' It will be found that with the exception of a slight anomaly 
between 520** and 570**, amounting to —.08, the numbers express- 
ing the ratios between the elevations of temperature, and the 
diminutions of tenacity, constantly increase until we reach 932**, 
at which it is 2.97, and that from this point the ratio of diminu- 
tion decreases to the limits of our range of trials, 1317^, where it 
is 2.14. It will also be observed, that the diminution of tenacity 
at 932**! where the law changes from an increasing to a decreasing 
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rate of diminution, is almost precisely one third of the total, or 
maximum strength of the iron at ordinary temperatures." 

From the mean of all the rates in the above Table the follow- 
ing rule is deduced : " the thirteenth power of the temperature 
above 80** is proportionate to the fifth power of the diminution 
from the maximum tenacity. ^^ 

Professor W. R. Johnson, a member of the sub-committee, 
has since applied the results developed in the preceding experi- 
ments to practical purposes, in increasing the tenacity of wrought 
iron by subjecting it to tension under a high degree of tempera- 
ture, before using it for purposes in which it will have to undergo 
considerable strains, as, for example, in chain cables, &c. 

This subject was brought by rrof. Johnson before the Board 
of Navy Commissioners in 1841 ; subsequently, experiments were 
made by him under direction of the Navy Department, the results 
of which, as exhibited in the following Table, were published in 
the Senate Public Documents^ {I) 28th Congress, 2d Session j 
p. 641. Dec. 3, 1844. 

Table of the effects of Thermo-tension on the Tenacity and 
Elongation of Wrought Iron, 



warn or xmoir. 


Strength 
of cola. 


Strength af- 
ter treating 
with Ther- 
mo-tension. 


Gain of 
length. 


Gain of 
strength by 
the treat- 
ment. 


Total gain 
of value. 


Tredegar, No. 1, rouDcl iron 

Do. do. 
Tredegar, square bar iron 
Tredegar, No. 3, round iron 
Salisborj, round, (Ames^) 

Mean, 


60 
60 
60 
58 
106.87 


71.4 
73.0 
67.3 
68.4 
131.0 


6.61 

6.61 

6.77 

6.363 

3.73 


19.00 
30.00 
13.00 
17.93 
14.39 


36.61 
36.61 
18.77 
33.10 
18.03 


— 




6.76 


16.64 


33.40 



Prof. Johnson in his letter remarks : '^ It will be observed that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400^, whereas the best effects of the pro- 
cess have generally been obtained heretofore when the heat has 
been as high as STS**.** 

332. Resistance of Iron Wire to Impact. The following Ta- 
ble of experiments gives the results obtained by Mr. Hodffkinson, 
by suspending an iron ball at the end of a wire, (diameter No. 17,) 
and lotting another iron ball impinge upon it from different alti- 
tudes. The suspended and impinging balls had holes drilled 
throuffh them, through which the wire passed. A disc of lead 
was placed on the suspended ball to receive the blow, and lesser- 
the recoil bora elasticity. 
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Table. 



'-ai- 


Wmghtor 
■tnUuiff ball. 


wcifht or 

bdlMdlMd. 




Winbnte 
withbaUMl. 


E«mita. 


ft. In. 


Ibt. nc 


lbs. ox. 








35 


5 14 


9 


2, SA, 3, 3i, 4, 

(repMl«d)9t.3,3.},4,4i, 


?« 


Nolesd. 


94 


6 


10 1 




7A - 


' 


z 


,^_ 


44""o 


(repeated with fiesh wire,) 6, 
1.414,5,6,04,7, 


Tbevinnmllj 
broke Mvtbcpoinl 


- 


~ 


80 8 
80 
135 


6, 61, 7, 71. 8, 8;, 9, 
8,8i,9,^, 10, 104. 
8, 8.1. 9. 94, 10, 


94 

11 
104 


of impael, aiul H 
.wuadhiMed to Ho 
l«njrtli,iffi««hwtn 
won Ml mod by • 


— 


40 


10 1 


3,4liichS, 


5 inches 


roMrvo ot Om top. 


— 


— 


80 8 


3, 3, 4. 5. 6 Indies, 


7 do. 




— 


— 


89 


4.5liichoe, 


6 do. 


Broke one inch 


94 8 


85 


44 


3 Inches, 


3 do. 


fraintop. 



The following observations are made by Mr. Hodgkinson: 
" To ascertain tEe strength and extensibility of this wire, it was 
broken in a very carefm experiment with 252^ lbs., suspended 
at its lower end, and laid gradually on. And to obtain the incre- 
ment of a portion of the wire (length 24 ft. 8 in.) when loaded by 
a certain weight, it had 139 lbs. hung at the bottom, and when 
89 lbs. were taken off the load, the wire decreased in length .39 
inch. 

" Should it be suggested that the wire by being frequently im- 
pinged upon would perhaps be much weakened, the author would 
beg to refer to a paper of his on Chain Bridges, Manchester Me^ 
tnoirSf 2d series, vol. 6, where it is shown that an iron vrire broken 
by pressure several times in succession is very httle weakened, 
and will nearly bear the same weight as at first." 

" The first of the preceding experiments on wires are the only 
ones from which the maxiipum can, with any approach to cer- 
tainty, be inferred ; and we see from them that the wire resisted 
the impulsion with the greatest effect when it was loaded at bot- 
tom with a weight, which, added to that of the striking body, was 
a little more than one third of the weight that would break the 
wire by pressure." 

" From these experiments generally, it appears that the wire 
was weak to bear a blow when lightly loaded." 

" These last experiments and remarks, and some of the prece- 
ding ones," (on horizontal impact,) " show clearly the benefit of 
giving considerable weight to elastic structures subject to impact 
and vibration." 

333. Resistance to Torsion of Wrought and Cast Iron. The 
fdlowing Table exhibits the results^of experiments made by 
Mr. Dumop, at Glasgow, on round bars of wrought iron. The 
twisting wei^ts were applied with an ann of lever 14 feetS 
inches. 
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I0> 



LeacfhoflMn 


Diameter of ban Welf ht in 11». pro- 


iBlaehet. 


in inches. 


dndnc raptue. 


li 


2 


250 


2r 

2 
2l 


384 


3 


408 


3 


700 


4 


H 


1170 


5 


3r 


1240 


5 


3f 


1662 


5 


4 


1938 


6 


41 


2158 



Table of experiments made by Mr. G. Rennie upon Cast and 
Wrought Iron. Weight applied at an arm of lever of 2 feet. 



MATBBUL. 


Length of 
blocks in 
in^. 


Bixeof 

sectional 

araa. 


Meanbieak- 
Ing weight 
in lbs. 


Iron cast horizontally 
** vertically 
" horizontally 

M a 

U i( 

•' vertically 

u ct 

(( ct 
M it 

« horizontally 
tt tt 

Wrought iron, (English) 
(Swedish) 











1 

1 

1 

6 


10 

0. 


i 
• * 

i 

i 

i 
i 

i 


lbs. OS. 

9 15 

10 10 

7 3 

8 1 
8 8 

10 1 
8 9 

8 5 

9 12 
93 12 
74 

52 

10 2 
9 8 



334. Strength of Copper. The various uses to which cop- 
per is applied in constructions, render a knowledge of its resist- 
ance under various circumstances a matter of great interest to the 
engineer. 

Resistance to Extension. The resistance of cast copper on 
the square inch> from the experiments of Mr. G. Rennie, is 8.61 
tons, that of wrought copper reduced per hammer at 15.08 tons. 
Copper wire is stated to bear 27.30 tons on the square inch. 
From the experiments made under the direction of the Franklin 
Institute^ already cited, the mean strength of rolled sheet copper 
is stated at 14*35 tons per square inch. 

Resistance to Compression. Mr. Rennie's experiments on 
cubes of one fourth oi an inch on the edge, give for the crushing 
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weight of a cube of cast copper 7318 lbs., and of wrought copper 
6440 lbs. 

335. Effects of Temperature on Tensile Strength. The ex- 
periments already cited of the Franklin Institute, show that the 
difference in strength at the lower temperatures, as between 60* 
and 90", is scarcely greater than what arises from irregularities 
in the structure of the metal at ordinary temperatures. At 550* 
Fahr. copper loses one fourth of its tenacity at ordinary tempera- 
tures, at 817" precisely one half and at lOOO" two thirds. 

Representing the results of experiments by a curve of which 
the ordinates represent the temperatures above 32", and the ab- 
scissas the diminutions of tenacity arising from increase of tem- 
perature, the relations between the two will be thus expressed : 
the squares of the diminutions are as the cubes of the tempera- 
tures, 

336. Strength of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per square inch; and the resist- 
ance to compression of a small cube of \ of an inch on an edge 
at 966 lbs. 

In the same experiments, the tenacity of cast lead is stated at 
0.81 tons per square inch ; and the resistance of a small cube of 
same size as in preceding paragraph at 483 lbs. 

In the same Experiments, the tenacity of hard gun-metal is 
stated at 16.23 tons ; that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cube of brass the same as before- 
mentioned, is stated at 10304 lbs. 

337. Linear Dilatation of Metals by Heat, The follovrinc 
Table is taken from results of experiments on the dilatation of 
solids, by Professor Daniell, published in tlie Philosophical 
Transactions^ 1831. 

Table of Dimensions which a bar takes whose length at 62^ is 

1.0000. 









Ataia*. (15IP.) 


At668»,(«00».) 


At point of futon. 


Iron, (wrought) 
Iron, (cut) 
Zinc 

Sr : 

Tin . 

Brass, (zinc r) 
Bronze, (tin V) 
Pawter, (tin }) 






1.000984 
1.000893 
1.003480 
1.001430 
1.002333 
1.001473 
1.001787 
1.001541 
1.001696 


1.004483 
1.003943. 
1.008537 
1.006347 

1.007307 
1.007053 


1.018378* 

1.016389 

1.013631 

1.084376 

1.009073 

1.003798 

1.031841 

1.016336 

1.003776 



* At Auing point of CMt iron. 
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338. Adhesion of Iran Spikes to Timber. The following 
Tables and results are taken from an article, Iry Professor 
Walter R. Johnson, published in the Journal of the Franklin 
Institute J vol 19, 1837, giving the details of experiments made 
by him on spikes of various forms driven into different kinds of 
timber. 

339. The first series of e^roeriments was made with Burden's 
plain square spike, the flanched, grooved, and swell spike, and 
the grooved and swelled spike. The timber was seasoned Jersey 
yellow pine, and seasoned white oak. 

From these experiments it results, that the grooved and swelled 
form is about 5 per cent, less advantageous than the plain, in yel- 
low pine, and about 18^ per cent, superior to the plain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining plain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave the fol- 
lowing results. 

For swelled and grooved spikes, the order of retentiveness was, 
1 locust ; 2 white oak ; 3 hemlock ; 4 unseasoned chesnut ; 5 
yellow pine. 

For grooved spike without swell, the like order is — 1 unsea- 
soned chesnut ; 2 yellow pine ; 3 hemlock. 

The swelled and grooved spike was, in all cases, found to be 
inferior to the same spike with the swell filed off. 

341. The third series of experiments gave the following results. 
Thoroughly seasoned oak is twiccy and thoroughly seasoned 

locust 2f times as retentive as unseasoned chesnut. 

The forces required to extract spikes are more nearly propor- 
tional to the breadths than to either the thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike afforded a gain in retentiveness. 

" In the softer and more spon^ kinds of wood the fibres, in- 
stead of being forced back longitudinally and condensed upon 
themselves, are, by driving a thick, and especially a rather ob- 
tusely-pointed spike, folded in masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
in contact with the surfiaice of the metal.'' 

'* Hence it appears to be necessary, in order to obtain the 
greatest effect, tnat the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities throughout the whole length of the spike." 

The following is the order of superiority of the spikes from 
that of the ratio of their weights and extracting forces respeo 
lively. 

14 



106 BiriLDXNO MATE&IALl. 

1. Narrow ibt . . 7.049 ratio of we^tfal to eUtaetiiig fiiroo 

«. Wide flat . 6.713 •* " 

3. Grooved but not swelled 5.66S ** '* » 

4. Grooved and not notched 6.300 " " ^ 
6. Grooved and swelled . 4.634 '' " " 

6. Burden's patent . . 4.600 '' <* <« 

7. Square hammered .. 4.189 " " « 

8. Plain cyUndrical . . 3.300 " •* « 

*' All the ea^riments prove that when a spike is once started, 
the force required for its final extraction is much less than that 
which prcxluced the first movement." 

" Wnen a bar of iron is spiked upon wood, if the spike be 
driven until the bar compresses the wood to a great decree, the 
recoil of the latter may become so creat as to start back Uie spike 
for a short distance after the last blow has been given." 

342. From the fourth series of expeiiments it appears, that the 
spike taperinff gradually towards the cutting edge, gives better 
results tnan those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; '* showing that it would 
be more economical to increase the number rather thui the length 
of the spikes for producing a given effect." 

'* That the absolute retaining power of unseasoned chesnut on 
square or flat spikes of from two to four inches in length, is a 
little more than 800 lbs. for every square inch of their two faces 
which condense longitudinally the fibres of the timber." 
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d43. Masonry is the art of raising structures, in stone, brick, 
and mortar. 

344. Masonry is classified either from the nature of the mate- 
rial, as stone masonry, brick masonry, and mixed, or that which 
is composed of stone and brick ; or from the manner in which 
the material is priepared, as cut stone or ashlar masonry, rubble 
stone or rough inasonry, and tutmmered stone masonry; or, 
finally, from the form of the material, as regular masonry, and 
irregular mxisonry. 

345. Cut Stone. Masonry of cut stone, when carefully made, 
is stronger and more solid than that of any other class ; but, owing 
to the labor required in dr^sing, or preparing the stone, it is also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural effect i» to be produced by 
the regularity of the masses, or where great strength is indispen- 
sable. 

346. Before explaining the means to be used to obtain the 
greatest strength in cut stone, it will be necessary to give a few 
definitions to render the subject clearer. 

In a wall of masonry, the term face is usually applied to the 
front of the wall, and the term back to the inside; the stone 
which forms the front, is termed the facing; that of the back, 
the backing; and the interior, ihejilhng. If the front, or back 
of the wall, has a uniform slope from me top to the bottom, thii 
slope is termed the batter, or Mtir. 

The term course is applied to each horizontal layer of stone 
in the wall : if the stones of each layer are of equal thickness 
throughout, it is termed regular coursing ; if the thicknesses are 
unequal, the term random, or irregular coursing, As Biff lied'. 
The divisions between the stones, in the courses, are termed the 
joints; the upper surface of the stones of each course is alsOy 
sometimes, termed the bed, or build. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed the bond. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the olocks in each course ; on the accuracy of the 
dressing ; and on the bond used. 

348. The size of the blocks varies with the kind of stone, and 
the nature of the quarry. From some quarries, the stone may be 
obtained of any required dimensiions ; others, owjng to some pe- 
culiarity in the formation of the stone, only furnish blocks ot anoall 
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size. Again, the strength of some stones is so great as to admit 
of tlieir being used in blocks of any size, without danger to the 
ttabiUty of the structure, arising from their breaking ; others can 
only be used with safety, when the length, breadth, and thickness 
of the block bear certain relations to each other. No fixed rule 
can be laid down on this point : that usually followed by builders, 
is to make, with ordinary stone, the breadth at least equ«J to the 
thickness, and seldom greater than twice this dimension, and to 
limit the length to within three times the thickness. When the 
breadth or the length is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un- 
equal settling, or unequal pressure should take place. As to the 
.absolute dimensions, the tnickness is generally not less than one 
foot, nor greater than two ; stones of this thickness, with the rel- 
ative dimensions just laid down, will weigh from 1000 to 8000 
pounds, allowing, on an average, 160 pounds to the cubic foot. 
With these dimensions, therelore, th^ weight of each block will 
require a very considerable power, both of machinery and men, 
to set it on its bed. 

349. For the coping and top courses of a wall, the same ob- 
jections do not apply to excess in length : but this excess may, on 
the contrary, prove favorable ; because the number of top joints 
being thus diminished, the mass beneath the coping will be better 
protected, bein^ exposed only at the joints, which cannot be made 
water-tight, owmg to the mortar being crushed by the expansion 
of the blocks in warm weather, and, when they contract, being 
washed out by the rain. 

350. The closeness with which the blocks fit is solely depen- 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ; if this part of the work is done in a slovenly 
'manner, the mass will not only present open joints from any in- 
equality in the settling ; but, from the courses not fitting accurately 
on their beds, the blocks will be liable to crack from the unequaJ 
pressure on the difierent points of the block. 

351. The surfaces of one set of joints should, as a prime 9on- 
dition, be perpendicular to the direction of the pressure : by this 
arrangement, there will be no tendency in any of the blocks to 
slip. In a vertical wall, for example, the pressure being down- 
ward, the surfaces of one set of joints, which are the beds, must 
be horizontal. The surfaces of the other set must be peipen- 
dicular to these, and, at the same time, perpendicular to the face, 
or to the back of tlie wall, according to the position of the stones 
in the mass ; two essentisd points will thus be attained ; the an- 
gles of tlie blocks, at the top and bottom of the course, and at the 
^e or back, will be right angles, and the block will tlierefore be 
as strong as the nature of tiie stone will admit. The principles 
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here applied to a vertical wall, are applicable in all cases, what- 
ever may be the direction of the pressure and tlie form of the ex-, 
terior simaces, whether plane or curved. 

362. A modification of this principle, however, may in 'some . 
cases be requisite, arising from the strength of the stone. It is . 
laid down as a rule, drawn from the experience of builders, that 
iio stone work with angles less than 60^ will offer sufficient 
strength and durability to resist accidents, and the effects of the 
weather. If, therefore, the batter of a wall should be greater tlian 
60**, which is about 7 perpendicular to 4 base, the horizontal 
joints (Fig. 6) must not be carried out in the same plane, to the . 

Fig. 6— Repreeentfl the arrangement of stone with 
abutting, or elbow joint§ for very inclined aa- 
faces. 

A, face of the block. 

e. elbow joint. 

0, buttress block, termed a newett stone. 

face or back, but be broken off at right angles to it, so as to 
form a small abutting joint of about 4 inches in thickness. As 
the batter of walls is seldom so great as this, except in some cases 
of sustaining walls for the side slopes of earthen embankments, 
this modification in the joints will not often occur; for, in a 
greater baiter, it will generally be more economical, and the 
construction will be stronger, to place the stones of the exterior in 
offsets, the exterior stone of one course, being placed within the 
exterior one of the course below it, so as to give the required, 
general direction of the batter. The arrangement with offsets 
has the farther advantage in its favor of not allowing the rain 
water to lodge in the joint, if the ofiset be sUghtly bevelled off. 

353. Workmen, unless narrowly watched, seldom take the pains 
necessary to dress the beds and joints accurately ; on the con- 
trary, to obtain what are termed close joints, they dress the ioints 



Fig 7— Represents a section of a wall in which the 
face is of cut stone, with the tails of the blodDf 
thinned off, and the backing of rabble 

A, section of face block. 

B, rabble backing. 
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with accuracy a few inches only firom the outward surface, and 
then chip away the stone towards the back, or tot/, (Fig. 7,) so 
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that, when the block is set, it will be in contact with the adjacent 
atones, only throughout this very small extent of bearing surbce. 
This practice is objectionable under every point of view ; for, 
in the first place, it gives an extent of bearing surface, which, 
being generally inadequate to resist tlie pressure thrown on it, 
causes the block to splinter off at the joint ; and in the second 
place, to give the block its proper set, it has to be propped be- 
neath by small bits of stone, or wooden wedges, an operation 
termed pinning'Up, or under-pinningy and these props, causing 
the pressure on the block to be thrown on a few points of the 
lower surface, instead of being equally diffused over it, expose 
Ihe stone to crack. 

354. When the facing is of cut stone, and the backing of rub- 
ble, the method of thinning off the block may be allowed for the 

Eurpose of forming a better bond between the rubble and ashlar *, 
ut, even in this case, the block should be dressed true on each 
joint, to at least one foot back from the face. If there exists any 
cause, which would give a tendency to an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it will be preferable to leave the tails of some thicker than 
the parts which are dressed. 

355. Various methods are used by builders for the bond of cut 
stone. The system, termed headers and stretchers^ in which the 
vertical joints of the blocks of each course alternate with the ver- 
tical joints of the courses above and below it, or as it is termed 
break jointsvfith them, is the most simple, and offers, in most cases, 
all requisite solidity. In this system, (Fig. 8,) the blocks of each 
course are laid alternately with their greatest and least dimensions 
to the face of the wall ; those which present the longest dimen- 
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Tie. 8— RepnsoDtsan eleTatkn A.endTifliir 
B, and plan C. of a wall amngiBd M head- 
^ en and stretcnen. 
a, atretchen. 
6, headen. 



sion along the face, are termed stretchers ; the others, headers 
If the header reaches from the face to the back of the wall, it is 
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tenned a through; if it only reaches part of the distance, it is 
termed a binder. The vertical joints of one course are either 
just over the middle of the blocks of the next course below, or 
else, at least four inches on one side or the other of the yertical 
joints of that course ; and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If the backing is of rubble, and the facing of cut stone, a 
system of throughs or binders, similar to what has just been ex- 
plained, must be used. • 

By the arrangement here described, the facing and backing of 
each course are well connected; and, if any unequal settling 
takes place, the vertical joints cannot open, as would be the case 
were they in a continued line from the top to the bottom of the 
mass ; as each block of one course confines the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of which light-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require to be not only very 
firmly united with each other, but also with the courses above 
and below them. To efiect this, various means have been used. 
The beds of one course are sometimes arranged with projections 
(Fig. 9,) which fit into corresponding indentations of the next 
course. Iron cramps in the form of the letter S, or in any other 



Fig. 9— Reimaeiito 
an elevation A, 
plan B, and per- 
(BpecUve Tiewi C 
and D of two of 
thebtoclmofawall 
in which the blocka 
are fitted with in- 
denta, and connect^ 
ed with bolts and 
dampBoT metal. 



shape that will answer the purpose of giving them a firm hold on 
the blocks, are let into the top of two blocks of the same course 
at a vertical joint, and are firmly set with melted lead, or with 
bolts, so as to confine the two blocks together. Holes are, in 
some cases, drilled through several courses, and the blocks of 
these courses are connected by strong iron bolts fitted to the 
holes. 

The most noted examples of these methods of strengthening 
the bond of cut stone, are to be found in the works of the Komant 
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which have been preserved to our time, and in two celebratod 
modem structures, the Eddy-stone and Bell-rock light-houses in 
Great Britain. (Fig. 10.) 



Fig. 10— RepreMnts the manner of airangmg 

of the same course by dove-tail Joints and joKgUng. 
taken from a horizontal aeetioQ of the maaoory of 
the BeU-rock light-hooae. 



357. The manner of dressing stone belongs to the stonecutter's 
art, but the engineer should not be inattentive either to the accu- 
racy with which the dressing is performed, or the means employed 
to effect it. The tools chiefly used by the workman are the 
chisel, axe, and hammer for knotting. The usual manner of dress- 
ing a surface, is to cut draughts around and across the stone with 
the chisel, and then to use the chisel, the axe with a serrated edge, 
or the knotting hammer, to work down the intermediate portions 
into the same surface with the draughts. In performing this last 
operation, the chisel and axe should alone be used for soft stones, 
as the grooves on the surface of the hammer are liable to become 
choked by a soft material, and the stone may in consequence be 
materially injured by the repeated blows of the workman. In 
hard stones this need not be apprehended. 

In large blocks which require to be raised by machinery, a 
hole, of the shape of an inverted truncated wedge, is cut to receive 



Fig- 11— Represents a penpectiye 
view A of a block of stone with 
draughts aroimd the ed^es of its 
faces, and the intermediate space 
axed, or knotted, and its tackling 
for hoisting: also the common 
iron lewis B with its tackling. 

a, draughts around edge of block. 

bf knotted part between draughts. 

c, iron bolts with eyes let into oblique 
holes cut in the block. 

d and e, chain and rope tackling. 

n, n, side pieces of the lewis. 

0, centre piece of lewis with eye 
fastened to n, n by a bolt. 

p, iron ring for attaching tackling. 



a small iron instrument termed a leuns, (Fig. 11,) to which the 
rope is attached for suspending the block ; or else two holes aro 
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cut obliquely into the block to receive bolts with eyes for the 
same purpose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done oy placing 
the block on its bed, and seeing that the joints fit close, and the 
face is in its proper plane. If it be found that the fit is not accu- 
rate, the inaccuracies are marked, and the requisite changes made. 
The bed of the course, on which the block is to be laid, is then 
dioroughly cleansed from dust, &c., and well moistened, a bed 
of thin mortar is laid evenly over it, and the block, the lower sur- 
face of which is first cleansed and moistened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet. 
When the block is laid against another of the same course, the 
joint between them is prepared with mortar in the same manner 
as the bed. 

368. Rubble Stone Masonry. With good mortar, rubble 
work, when carefully executed, possesses all the strength and 
durability required in structures of an ordinary character ; and it 
is much less expensive than cut stone. 

359. The stone used for this work should be prepared simply 
by knocking off all the sharp, weak angles of the block ; it is then 
cleansed from dust, &c., and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quantity of go<xl ordinary-tempered mortar, into 
which the stone is firmly imbedded. The interstices between the 
larger masses of stone are filled in, by thrusting small fragments, 
or chippings of stone, into the mortar. Finally, the whole course 
may be carefully grouted before another is commenced, in order 
to fill up any voids left between the full mortar and stone. 

360. To connect the parts well together, and to strengthen the 
tveak points, throughs or binders should be used in all the courses; 
and the angles should be constructed of cut or hammered stone. 
In heavy walls of rubble masonry, the precaution, moreover, 
should be observed, to lay the stones on their quarry-bed ; that 
is, to give them the same position, in the mass of masonry, that 
they im in the quarry ; as stone is found to offer more resistance 
to pressure in a direction perpendicular to the onarry-bed, than 
in any other. The directions of the lamina in stratified stones, 
show the position of the quarry-bed. 

361. Hammered stone, or dressed rubble, is stone roughly 
fashioned into regular masses with the hammer. The same pre- 
cautions must be taken in laying this kind of masonry, as in the 
two preceding. 

362. Brick Masonry, With good brick and mortar, this m»- 
•onry offers great strength and durabihty, arising from the strong 
adhesion between the mortar and brick. 

15 
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363. The bond used in brick work is very various, depending 
on the character of the structure. The most usual kinds are 
known as the English and Flemish. The first consists in ar- 
ranging the courses alternately, entirely as headers or stretchers, 
the bricks through the course breaking joints. In the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to give a stronger bond than the last, the bricks of 
which, owing to the difficulty of preventing continuous joints, 
either in the same or different courses, are liable to separate, 
causing the face or the back to bulge outward. The Flemish 
bond presents the finer architectural appearance, and is therefore 
preferred for the fronts of edifices. 

364. Timber and iron have both been used to strengthen the 
bond of brick masonry. Among the most remarkable examples 
of their uses are the well, faced in brick, forming an entrance to 
the Thames Tunnel, the celebrated work of Mr. Brunei, and his 
experimental arch of brick, a description of which is given in the 
Civil Engineer and Architects Journal, No. 6, vol. 1. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throughout their length. The efficacy of tliis method 
has been farther fully tested by Mr. Brunei, in experiments made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a hke 
kind, are given by Colonel Pasley in his work on Limes, Calca- 
reous Cements, &c. 

365. The mortar-bed of brick, may be either of ordinary, or 
thin-tempered mortar ; the last, however, is the best, as it makes 
closer joints, and, containing more water, does not dry so rapidly 
as the other. As brick has great avidity for water, it would al- 
ways be well not only to moisten it before laying it, but to allow 
it to soak in water several hours before it is used. By taking 
this precaution, the mortar between the joint-s will set more firmly 
than when it imparts its water to the dry brick, which it frequently 
does so rapidly as to render the mortar pulverulent when it has 
dried. 

FOUNDATIONS. 

366. The term foundation is used indifferently either for the 
lower courses of a structure of masonry, or for the artificial 
arrangement, of whatever character it may be, on which these 
courses rest. For more perspicuity, the term bed of the founda- 
tion will be used in this work when the latter is designated. 

367. The strength and durability of structures of masonry de- 
pend essentially upon the bed of the foundation. In arranffinff 
this, regard must be had not only to the permanent efforts whi(£ 
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the bed may have to support, but to those of an accidental cha- 
racter. It should, in all cases, be placed so far below the smface 
of the soil on which it rests, that it will not be liable to be un« 
covered, or exposed ; and its surface should not only be normal 
to the resultant of the efforts which it sustains, but this resultant 
should intersect the base of the bed so far within it, that the por- 
tion of the soil between this point of intersection and the outward 
edge of the base shall be broad enough to prevent its yielding 
from the pressure thrown on it. 

368. The first preparatory step to be taken, in determining the 
kind of bed required, is to ascertain the nature of the subsoil on 
which the structure is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ; but where the subsoil is composed 
of various strata, and the structure demands extraordinary pre- 
caution, borings must be made with the tools usually employed 
for this purpose. 

369. With respect to foundations, soils are usually divided 
into three classes : 

The 1st class consists of soils which are incompressible, or, at 
least, so slightly compressible, as not to affect the stability of the 
heaviest masses laid upon them, and which, at the same time, do 
not yield in a lateral direction. SoUd rock, some tufas, compact 
stony soils, hard clay which yields only to the pick, or to blast- 
ing, belong to this class. 

The 2d class consists of soils which are incompressible, but 
require to be confined laterally, to prevent them from spreading 
out. Pure gravel and sand belong to this class. 

The 3d class consists of all the varieties of compressible soils ; 
under which head may be arranged ordinary clay, the common 
earths, and marshy soils. Some of this class are found in a more 
or less compact state, and are compressible only to a certain ex- 
tent, as most of the varieties of clay and common earth ; others 
are found in an almost fluid state, and yield, with facility, in every 
direction. 

370. To prepare the bed for a foundation on rock, the thick- 
ness of the stratum of rock should first be ascertained, if there are 
any doubts respecting it : and if there is any reason to suppose 
that the stratum has not sufiicient strength to bear the weight of 
the structure, it should be tested by a trial weight, at least twice 
as great as the one it will have to bear permanently. The rock 
is next properly prepared to receive the foundation courses, by 
levelling its surface, which is effected by breaking down all pro- 
jectinff points, and filUng up cavities, either with rubble masonry 
or with beton , and by carefully removing any portions of the up 
per stratum which present indications of having been injured by 
the weather. The surface, prepared in this manner, should, moro- 
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VYer, be perpendicular to the direction of the pressure ; if this is 
vertical, the surface should be horizontal, and so for any other 
direction of the pressure. Should there, however, be any diffi- 
culty in so arranging the surface as to have it normal to the re- 
sultant of the pressure, it may receive a position such that one 
component of Uie resultant shall be perpendicular to it, and the 
other parallel ; the latter being counteracted by the friction and 
adhesion between the base of the bed and ^e surface of the rock. 
If, owing to a great decUvity of the surface, the whole cannot be 
brought to the same level, the rock must be broken into steps, in 
order that the bottom courses of the foundation throughout, may 
rest on a surface perpendicular to the direction of the pressure. 
If fissures or cavities are met with, of so great an extent as to 
render the filling them with masonry too expensive, an arch must 
then be formed, resting on the two sides of the fissure, to support 
that part of the structure above it. 

The slaty rocks require most care in preparing them to receive 
a foundation, as their top stratum will generally be found injured 
to a greater or less depth by the action of frost 

371. In stony earths and hard clay, the bed is prepared by 
digging a trench wide enough to receive the foundation, and deep 
enough to reach the compact soil which has not been injured by 
the action of frost : a trench from 4 to 6 feet, will generally hie 
deep enough for this purpose. 

372. In compact gravel, and sand, where there is no liability 
to lateral yielding, either from the action of rain or any otlier 
cause, the bed may be prepared as in the case of stony earths. 
If there is danger from lateral yielding, the part on which the 
foundation is to rest must be secured by confining it laterally by 
means of sheeting piles, or in any other way that will oflFer suffi- 
cient security. 

373. In laying foundations on firm sand, a further precaution 
is sometimes resorted to, of placing a platform on the Dottom of 
the trench, for the purpose of distributing the whole weight more 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are well settled in their bed, 
there is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wood of the 
platform shoula, by any accident, give way, it would leave a part 
of the foundation without any support 

When the sand under the bed is liable to injury from springs, 
they must be cut off, and a platform, or, still better, an area of 
beton should compose the bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
the bed. 

374. If, in opening a trench in sand, water is found at a slight 
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depth, and in such quantity as to impede the labors of the work- 
men, and the trench cannot be kept ary by the use of pimips or 
scoops, a row of sheeting piles must be driven on each side of 
the space occupied by it, somewhat below the bottom of the bed, 
the sand on the outside of the sheeting piles be thrown out, and 
its place filled with a puddUng of clay, to form a water-tight en- 
closure round the trench. The excavation for the bed is then 
commenced ; but if it be found that the water still makes rapidly 
at the bottom, only a small portion of the trench must be openea, 
and after the lower courses are laid in this portion, the excavation 
will be gradually effected, as fast as the workmen can •execute 
the work without diflSculty from the water. 

376. The beds of foundations in compressible soils require pe- 
cuhar care, particularly when the soil is not homogeneous, pre- 
senting more resistance to pressure in one point than in another ; 
for, in that case, it will be very diflBicult to guard against unequal 
settling. 

376. In ordinary clay, or earth, a trench is dug of the propei 
width, and deep enough to reach a stratum, beyond the action of 
frost ; the bottom of the trench is then levelled off to receive the 
foundation. This may be laid immediately on the bottom, or 
else upon a grillage and platform. In the first case, the stones 
forming the lowest course, should be firmly settled in their 
beds, by ramming them with a very heavy beetle. In the second 
a timber grating, termed a grillage, (Fig. 12,) which is formed 
of a course of heavy beams laid lengthwise in the trench, and 
connected firmly by cross pieces into which they are notched, is 
firmly settled in the bed, and the earth is solidly packed between 
the longitudinal and cross pieces; a flooring of thick planks, 
termed a platform, is then laid on the grillage, to receive the 
lowest course of the foundation. The object of the grillage, and 




Fig. 19— Represents the airangement of a grillage 
platfonn fitted on piles. 



A, maflomy, 
aa^ piles. 
6, staing pi< 



c.croBB pieces, 
a, capping piece. 
e, pUofonn of plank. 



platform, is to diffuse the weight more uniformly over the 
ttce (A the trench, to prevent any part from yielding* 
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377. Repeated failures in grillages and platforms, arising either 
from the compression of the woody fibre, or from a transversal 
strain occasioned by the subsoil offering an unequal resistance, 
have impaired confidence in their efficacy. Engineers now pre- 
fer beds formed of an area of beton, as ottering more security than 
any bed of timber, either in a uniformly, or unequally compressi- 
ble soil. 

378. The preparation of an area of beton for the bed of a 
foundation, will depend on the circumstances of the case. In 
ordinary cases the beton is thrown into the trench, and carefully 
rammed in layers of 6 or 9 inches, until the mortar collects in a 
semi-fluid state on the top of the layer. If the base of the bed is 
to be broader than the top, its sides must be confined by boards 
suitably arranged for this purpose. Whenever a layer is left in- 
complete at one end, and another is laid upon it, an offset should 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more firmly when the work on the unfinished part 
is resumed. 

Considerable economy may be effected, in the quantity of be- 
ton required for the bed, by using large blocks of stone which 
should be so distributed throughout the layer, that the beetle will 
meet with no difficulty in settling the beton between and around 
the blocks. 

When springs rise through the soil over which the beton is to 
be spread, the water from them must either be conveyed off by 
artificial channels, which will prevent it rising through the mass 
of beton and washing out the lime ; or else strong cloth, prepared 
so as to be impermeable to water, may be laid over the siirface 
of the soil to receive the bed of beton. 

The artificial channels for conveying off the water may be 
formed either of stone blocks with semi-cylindrical channels cut 
in them, or of semi-cylinders of iron, or tiles, as may be most 
convenient. A sufficient number of these channels should be 
formed to give an outlet to the water as .fast as it rises. 

An impermeable cloth may be formed of stout canvass, pre- 
pared with bituminous pitch and a drying oil. It is well to have 
the cloth doubled on each side with ordinary canvass to prevent 
accidents. The manner of settUng the cloth on the surface of 
the soil must depend on the circumstances of the case. 

Each of the foregoing emedients for preventing the action of 
springs on an area of beton, has been tried with success. When 
artificial channels are used, they may be completely choked sub- 
sequently, by injecting into them a semi-fluid hydrauhc cement, 
and the action of the springs be thus destroyed. 

Foundation beds of beton are frequently made without exhaust- 
ing the water from the area on which they are laid. For this 
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pmpose the beton is thrown in layers over the area, by using 
either a wooden conduit reaching nearly to the position of the 
layer, or else by placing the beton (Fig 13) in a box by which it 
is lowered to the position of the biyer, and from which it is de- 
posited so as not to permit the water to separate the lime firom 
the other ingredients. 





Fig. 13— Repreeento an end 
view A of a semi-cylindri- 
cal box for lowering beton 
in water, and B the aame 
view oi the box when open- 
ed to let the beton fall 
throQgh. 

0, hinge around which the 
halves of the box open. 

a, rope tackling for lowering 
box. 

b, pin, or catch to fasten the 
two parts of the box. 

c, cord to detach the pin and 
open the box. 



Should it be found that springs boil up at the bottom, it must 
be covered with an iqipermeable cloth. 

379. In marshy soils, the principal difficulty consists in fonn- 
ing a bed sufficiently firm to give stability to the structure, owing 
to the yielding nature of the soil in all directions. , 

The following are some of the dispositions that have been tried 
with success in this case. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil as 
close together as they can be crowded, over an area considerably 
greater than that which the structure is to occupy. The heads 
of the piles are accurately brought to a level to receive a grillage 
and platform ; or else a layer of clay, from 4 to 6 feet thick, is 
laid over the area thus prepared with piles, and is either sohdly 
rammed in layers of a foot thick, or submitted to a very heavy 
pressure for some time before commencing the foundations. The 
object of preparing the bed in this manner, is to give the up- 
per stratum of the soil all the firmness possible, by subjecting 
It to a strong compression from the piles ; and when this has 
been effected, to procure a firm bed for the lowest course of the 
foundation by the grillage,, or clay bed; by these means the 
whole pressure will be uniformly distributed throughout the en- 
lire area. This case is also one in which a bed of beton would 
replace, with great advantage, either' the one of clay, or the 
grillage. 

The purposes to which the short piles are applied in this case 
is different from the objea to be attained usually in the employ- 
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ment of piles for foundations ; which is to transmit the weight of 
the structure that rests on the piles, to a firm incompressible soil, 
OTerlaid by a compressible one, that does not offer sufficient 
firmness for the bed of the foundation. 

380. When a firm soil is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afford. 

To prepare the bed to receive the foundations in this case, 
strong piles are driven at equal distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until they meet with a firm stratum below the compressible one, 
which offers sufficient resistance to prevent them from penetra- 
ting farther. 

381. Piles are generally from 9 to 18 inches in diameter, witli 
a length not above 20 times tlie diameter, in order that they may 
not bend under the stroke of the ram. They are prepared for 
driving, by stripping them of their bark, and paring down the 
knots, so that tne friction, in driving, may be reduced as much as 
possible. The head of the pile is usually encircled by a strong 
hoop of wrought iron, to prevent the pile from being spKt by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetrating the soil may be 
cast around a wrought-iron bolt, by means of which it is fastened 
to the pile. 



Fig. 14— Represents a wcUod throagh the kdb o[ a eaflt-iran Aoe and 
wrought-iron bolt for a pile 



382. A machine, termed a pile engine^ is used for driving 
piles. It consists essentially of two uprights firmly connected 
at top by a cross piece, and of a ram, or monkey of cast iron, for 
driving the pile by a force of percussion. Two kinds of en- 
gines are in use ; the one termed a crab engine^ from the ma- 
chinery used to hoist the ram to the height from which it is to 
fidl on the pile ; the other the ringing engine, from the monkey 
being raised by the sudden pull of several men upon a rope, 
b^ which the ram is drawn up a few feet to descend on the 
pile. 

The crab engine is by far the more powerful machine^ but on 
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this account is inapplicable in some cases, as in the driving of 
cast^iion piles, where the force of the blow might destroy the 
pile ; also in long slender piles it may cause the pile to spring so 
much as to prevent it from entering Uie subsoil. 

The manner of driving piles, and the extent to which they may 
be forced into the subsoQ, will depend on local circumstances, it 
sometimes happens that a heavy blow will effect less than several 
slighter blows, and that piles alter an interval between successive 
▼oDeys of blows, can with difficulty be started at first. In some 
cases the pile breaks below the surface, and continues to yield to 
the blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

flneer. Piles should be driven to an unyieldinff subsoil. The 
rench civil engineers have, however, adopted a rule to stop 
the driving when the pile has arrived at its absolute stoppagCy 
this being measured by the farther penetration into the subsoil 
of about t'^ths of an inch, caused by a volley of thirty blows 
from a ram of 800 lbs., falling from a height of 5 feet at each 
blow. 

383. If the head of a pile has to be driven below the level to 
which the ram descends, another pile, termed a punchy is used 
for the purpose. A cast-iron socket of a suitable form embraces 
the head ol the pile and the foot of the punch, and the effect of 
the blow is thus transmitted through the punch to the pile. 

384. When a pile from breaking, or any other cause, has to be 
drawn out, it is clone by using a long beam as a lever for the pur- 
pose ; the pile being attached to the lever by a chain, or rope 
suitably adjusted. 

385. The number of piles required, will be regulated by the 
weight of th? structure. An allowance of 1000 pounds on each 
SQuare inch will ensure safety. The least distance apart, at 
wnich the piles can be driven with ease, is about 2^ feet between 
their centres. If they are more crowded than this, they may 
force each other up, as they are successively driven. When this 
is found to take place, the driving should be commenced at the 
centre of the area, and the pile should be driven with the butt end 
downward. 

386. From- experiments carefully made in France, it appears 
that piles which resist only in virtue of the friction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions will safely support when driven into a firm soil. 

387. After the piles are driven, tliey are sawed off to a level, 
to receive a grillage and platform for the foundation. A large 
beanit termed a cappmg» is first placed on the heads of the out- 
nde row of piles, to winch it is fSetstened by means of wooden 
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pins, or treC'-naUs driven into an auger-hole, made tlurou^ the 
cap into the head of each pile. After the cap is fitted, longitudi- 
nal beams, termed string pieces^ are laid lengthwise on the heads 
of each row, and rest at each extremity on the cap, to which they 
are fastened by a dove-tail joint and a wooden pin. Another series 
of beams, termed cross pieces^ are laid crosswise on the string 
pieces, over the heads of each row of piles. The cross and string 
pieces are coimected by a notch cut into each, so that, when put 
together, their upper surfaces may be on the same level, and they 
are fastened to the heads of the piles in the same manner as the 
capping. The extremities of the cross pieces rest on the capping, 
and are connected with it, hke the string pieces. 

The platform is of thick planks laid over the grillage, with 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
nails. 

The capping is usually thicker than the cross and string pieces 
by the thickness of the plank ; when this is the case, a rabate, 
about four inches wide, must be made on the inner edge of the 
capping, to receive the ends of the planks. 

388. An objection is made to the platform as a bed for the 
ibundation, owing to the want of adhesion between wood and 
mortar ; from which, if any unequal settling should take place, 
the foundations would be exposed to slide off the platform. To 
obviate this, it has been proposed to replace the grillage and plat- 
form by a layer of beton resting partly on the heads of the piles, 
and partly on the soil between them. This means would furnish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. 

To counteract any tendency to sliding, the platform may be 
inclined if tiiere is a lateral pressure, as m the case, for example, 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 
a stratum ol' clay on the surface, underlaid witli soft mud, in 
which case, the driving of short piles would be injurious, as the 
tenacity of ihc stratum of clay would be destroyed by the oper- 
ation. It would be better Jiot to disturb the upper stratum 
in this case^ but to give it as much firmness as possible, by 
ramming it with a heavy beetle, or by submitting it to a heavy 
pressure. 

390. Piles and sliceting piles of cast iron have been used wiih 
romplete success in England, both for the ordinary purposes of 
cofferdams, and for permanent structures for wharfing. The 
piles have been cast of a variety of forms ; in some cases thev 
have been cast hollow for tlie purpose of excavating the soil 
within the pile as it was driven, and thus facilitate its penetration 
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into the subsoil. Fig. 15 rcpn^sonls a cross section of one of the 
nriore recent arrangements of iron piles and sheeting piles. 




Fig. 15— Represents a horizontal section of an arrangement of piles and sheeting 

piles of cast iron. 
(7, sheeting pile with a lap e to cover the joint between it and the next sheeting 

pile. 
^, piles with a lap on each side. 
t, sheeting pile lapped hf pile and sheeting pile next it. 
a, ribs of piles and sheeting piles. 

391. Sand has also been used with advantage to form a bed 
lor foundations in a very compressible soil. For this purpose 
a trench is (Fig. 16) excavated, and filled with sand ; the sand 
being spread in layers of about 9 inches, and each layer being 
firmly settled by a heavy beetle, before laying the next. If water 



Fiff . Ifr—Renresents a sectvm of a sand foiui: 
dation bed and the masonry upon it 

A, sand bed in a trench. 

B, masonry. 



should make rapidly in the trench, it would not be practicable to 
pack the sand in layers. Instead, therefore, of opening a jtrench. 



Fi*. K-RenesentB a SMteiof a fona- 
dation bed made by filling holes with 
sand. 

A, holes filled with I 

B, masonry. 



holes about 6 feet deep, and 6 inches in diameter, (Fig. 17,) 
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should be made, by means of a short pile, as close together as 
practicable ; when the pile is withdrawn from the hole, it is im- 
mediately filled with sand. To cause the sand to pack firmly, it 
should be slightly moistened before placing it in the holes, or 
trench. 

Sand, when used in this way, possesses the valuable property 
of assuming a new position ol equilibrium and stabiUty, should 
the soil on which it is laid yield at any of its points. Not only 
does this take place along the base of the sand bed, but also along 
the edges, or sides, when these are enclosed by the sides of the 
trench made to receive the bed. This last point offers also some 
additional security against yielding in a lateral direction. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
the pressure on its upper surface to be distributed over the entire 
base. 

392. When, from the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
ftiay be counteracted, either by scooping out the soil to some depth 
around the bed and replacing it by another of a more compact 
nature, well rammed m layers, or with any rubbish of a soUd 
character ; or else a mass of loose stone may be placed over the 
surface exterior to the bed, whenever the character of the struc- 
ture will warrant the expense. 

393. Precautions against Lateral Yielding, The soils which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upward around the structure laid upon them. Where this action 
arises from the effect of a vertical weight, uniformly distributed 
over the base of the bed, the preceding methods for giving per- 
manent StabiUty to structure, present all requisite security. But 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
eartli resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. This expedient is, however, 
only of service where the piles attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yielding soil in contact with them. 
But where they are driven into a firm soil below, they gain a 
fixed point of resistance, and the only insecurity they offer is 
either by the rupture of the piles, firom the cross strain upon 
them, or from the 3rielding of the firm subsoil, firom the i 
cause. 
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In case the piles reach a firm subsoil, it will be best to scoop 
out the upper yielding soil before driving the piles, and to fill in 
between and around them with loose broken stone, (Fig. 18.) 
This will give the piles greater stiffness, and effectually prevent 
them firom spreading at top. 




FIff. 18— Representa the manner of udac 
base stone to sustain piles and preveu 
them from yielding laterally. 

A, section of the masonry. 

B, loose stone thrown around the piles a. 



When the piles cannot be secured by attaining a firm subsoil^ 
it will be better to drive them around the area at some distance 
from the bed, and, as a farther precaution, to place horizontal 
buttresses of masonry at regular intervals from the bed to the 
piles. By this arrangement, some additional security is gained 
from the counter-pressure of tlie soil enclosed between the bed 
and the wall of piles. But it is obvious that unless the piles in 
this case are driven into a firmer soil than that on which the struc- 
ture rests, there will still be danger of yielding. 

In using horizontal buttresses, the stone of which they are con- 
structed should be dressed with care ; their extremities near the 
wall of piles should be connected by horizontal arches, (Fig. 19,) 
to distribute the pressure more uniformly ; and where there is an 
upward pressure of the soil around the structure, arising from its 
weight, the buttresses ought to be in the form of reversed arches. 

In buttresses of this kind, as Ukewise in broad areas resting or 
a very yielding soil, since as much danger is to be apprehended 
from their breaking by their own weight as from any other cause^ 
it must be carefuUy guarded against. Something may be done 
for this purpose by ramming the earth around the structure with 
a heavy oeetle, when it can be made more compact by this means ; 
or else a part of the upper soil may be removed, and be replaced 
by one of h more compact nature which may be ramnoed m 
layers 
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Fiff. 1»— Repreeente the manner of nie- 
ventiDK a sustaiDing wall fhm yielding 
laterally to a thrast behind it, by unug 
horizontal buttreflsefl of revened archer 
abutting against vertical counter archea. 

A, vertical section of wall, buttreases, and 
counter arches. 

B, plan of wall, b uttic asea, and counter 
arches. 

a, plan of wall. 
6, section of do 
f . buttresses, 
a , counter arches. 



The following methods, where they can be resorted to, and 
where the character of the structure will justify the expense, have 
been found to offer the best security in the case in question. 

When the bed can be buttressed in front with an embankment, 
a low counter-wall (Fig. 20) may be built parallel to the edge of 
the bed, and some 10 or 12 feet from it; between this wall and 
the bed a reversed arch connecting the two may be built, and a 
surcharge of earth of a compact character and well rammed, may 
be placed against the counter wall to act by its counter pressure 
agamst the lateral pressure upon the bed. 

Fig. S(h-Repreeentsthe i 
ner of butuessing a sustain- 
ing wall in fh)nt by the ac- 
tion of a counter pressure of 
earth transmitted to the wall 
by a reversed arch. 

a, section of sustaining wall. 

b, section of sustaining wall 
of embankment d. 

e. section of reversed arch. 

/, section of embankment 
ftom which counter preoBure 
comes. 

e, section of embankment be- 
liind sustaining wall. 

When the bed cannot be buttressed in front, as in quay walls, 
a grillage and platform supported on piles (Fig. 21) may be built 
to the rear from the back of the wall, for the pm-pose oi support- 
ing the embankment against the back of tlie wall, and preventing 
the effect which its pressure on the subsoil might have in thrust- 
ing forward the bed of the foundation. 

In addition to these means, land ties of iron will give great ad- 
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ditional security, when a fixed point in rear of the wall can be 
found to attach them firmly. 




Fig. SI— RepresentB the manner of re- 
uevinff a Mustaining wall from the 
lateral action cauaea by the nrcasure 
of an embankment on the suosoil by 
means of a platform built behind the 
wall. 

A, section of the wall. 

B, section of embankment 

a» piles supporting the grillage and plat- 
form of A. 

6, loose stone forming a firm bed un- 
der the platforms. 

c, piles supporting the platform d be- 
lund the wall. 



394. Foundations in Water, In laying foimdations in water, 
two difficulties have to be overcome, both of which require great 
resources and care on the part of the engineer. The first is found 
in the means to be used in preparing the bed of the foundation ; 
and the second, in securing the bed from the action of the water, 
to ensure the safety of the foundations. The last is, generally, 
the more difficult problem of the two ; for a current of water will 
gradually wear away, not only every variety of loose soils, but 
also the more tender rocks, such as most varieties of sand-stone, 
and the calcareous and argillaceous rocks, particularly when they 
are stratified, or are of a loose texture. 

395. To prepare the bed of a foundation in stagnant water, 
the only difficulty that presents itself is to exclude the water from 
the area on which the structure is to rest. If the depth of water 
is not over 4 feet, this is done by surrounding the area with an 
ordinary water-tight dam of clay, or of some other binding earth. 
For this purpose, a shallow trench is formed around the area, by 
removing the soft, or loose stratum on the bottom ; the foundation 
of the dam is commenced by filhng this trench with tlie clay, and 
the dam is made by spreading successive layers of clay about one 
foot thick, and pressing each layer as it is spread, to render it 
more compact. When the dam is completed, the water is pumped 
out from the enclosed area, and the bed for the foundation is pre- 
pared as on dry land. 

396. When the depth of stagnant water is over 4 feet, and in 
running water, of any depth, the ordinary dam must be replaced 
by the cofier-dam. This construction consists of two rows of 
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plank, tenned sheeting piles, driven into the soil vertically, form- 
ing thus a coffer work, between which clay or binding earth, 
tenned the puddling, is filled in, to form a water-tight dam to ex- 
clude the water from the area enclosed. 

The arrangement, construction, and dimensions of coffer-dams 
depend on their specific object, the depth of water, and the nature 
of the subsoil on which llie coffer-dam rests. 

With regard to the first point, the width of the dam between 
the sheeting piles should be so regulated as to serve as a scaffold- 
ing for the machinery and materials required about the work. 
This is peculiarly requisite where the coffer-dam encloses an isola- 
ted position removed from the shore. The interior space enclosed 
by the dam should have the requisite capacity for receiving the 
bed of the foundations, and such materials and machinery as may 
be required within the dam. 

The width, or thickness of the coffer-dam, by which is under- 
stood the distance between the sheeting piles, should be sufficient 
not only to be impermeable to water, but to form, by tlie weight 
of the puddling, in combination with the resistance of the timber 
work, a wall of sufficient strength to resist the horizontal pressure 
of the water on ii.e exterior, when the interior space is pumped 
dry. The resistance offered by the weight of the puddhng to the 
pressure of the water can be easily circulated ; that offered by 
the timber work will depend upon the manner in which the 
framing is arranged, and the means taken to stay, or buttress the 
dam from the enclosed space. 

The most simple and the usual construction of a coffer-dam 




Fif^. 8S— Reproflents a ne- 
tion of the ordinaiy oof- 
fer-dam. 

a, main piles. 

6, wale, or string pieces. 

c. cross pieces. 

a, slieeting piles. 

«, ffoide string pieces for 
slieeting piles. 

A, puddling. 

B, interior space. 



(Fig. 22) consists in driving a row of ordinary straight piles 
around the area to be enclosed, placing their centre lines about 4 



FOUNDATIONS. iSt 

feet asunder. A second row is driven parallel to the first, the 
respective piles being the same distance apart ; the distance be- 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a horizontal beam 
of square timber, termed a string or wale piece y placed a foot or 
two above the highest water line, and notched and bolted to each 
pile. The string pieces of the inner row of piles is placed on the 
side next to the area enclosed, and those of the outer row on the 
outside. Cross beams of square timber connect the string pieces 
of the two rows, upon which they are notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be throvm on them, and as a joisting for the scaffolding. On 
the opposite sides of the rows, interior string pieces are placed, 
about the same level with the exterior, for the purpose of serving 
both as guides and supports for the sheeting piles. The sheeting 
piles being well jointed, are driven in juxtaposition, and against 
the interior string pieces. A third course of string, or ribbon 
pieces of smaller scantling confine, by means of large spikes, the 
sheeting piles against the interior string pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the coffer work is made, will depend 
upon the pressure due to the head of water, when the interior 
space is pumped dry. For extraordinary depths, tlie enrineer 
would not act prudently were he to neglect to verify by cdcula- 
tion the equilibrium between the pressure and resistance ; but for 
ordinary depths under 10 feet, a rule followed is to make the 
thickness of the dam 10 feet; and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give every seciuity against filtrations 
through the body of the dam, but it might not give sufficient 
stren^ unless the scantling of the coffer work were suitably in- 
creased in dimensions. 

In very deep tidal water, coffer-dams have been made in off- 
sets, by using three rows of sheeting piles for the purpose of 
f^ving greater thickness to the dam below the low-water level, 
n such cases strong square piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of^water, 
suitable dimensions must be given to the sheeting piles, in order 
that tliey may sustain the pressure arising from the puddling when 
the interior space is emptied of water. This pressure against the 
interior sheeting piles may be farther increased by that of the ex 
terior water upon the exterior sheeting piles, should the pressure 
of the latter be greater than the former. To provide more se- 
foiely against the effect of these pressures, intermediate string 
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pieces may be placed against the interior row of piles before the 
sheeting piles are driven ; and the opposite sides of the dam on 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediate 
points between the top and bottom of the dam. 

The main inconvenience met with in coffer-dams arises from 
tlie difEcuhy of preventing leakage under the dam. In all cases 
the piles must be driven into a firm stratum, and the sheeting 
piles should equally have a firm footing in a tenacious compact 
sub-stratum. When an excavation is requisite on the interior, to 
uncover the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 
point, and somewhat below it if the resistance offerea to the 
driving does not prevent it. 

The puddling should be formed of a mixture of tenacious clay 
and sand, as this mixture settles better than pure clay alone. 
Before placing the puddling, all the soft mud and loose soil be- 
tween the sheeting piles should be carefully extracted ; the pud- 
dling should be placed in and compressed in layers, care being 
taken to agitate the water as httle as practicable. 

With requisite care coffer-dams may be used for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddhng. Sandy bottoms offer the greatest dijKculty in 
this respect, and when the depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddling. 

When the depth of water is over 10 feet, particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a firm 
stratum for the bed of the foundation, additional precautions will 
be requisite to give sufficient support to the interior sheeting piles 
against the pressure of the puddling, to provide against leakage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped diy 
and excavated. The best means for these ends, when the local- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional points of support, by interme- 
diate string pieces between the one at lop and the bottom of the 
water ; and to form a strong framing of timber for a support to 
the interior sheeting piles, giving to it the dimensions of the area 
10 be enclosed. The frame-work (Fig. 23) may be composed of 
upright square beams, placed at suitable distances apart, depend- 
ing on the strength required, upon which square string pieces are 
bolted at suitable distances from the top to the bottom, the bottom 
string resting on the surface of the mud. The string pieces. 
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serving as supports for the sheeting piles, must be on the sides of 
the uprights towards the puddling, and their feices in the same 




Fig. S3— Reprosents a 
section of the cof- 
fer-ilam iiHed for 
the Potoiiiiic aque- 
duct. 

a, main exterior piles. 

b, stronK square 
beams coirre8|)ond- 
ing to a on which 
the wales n. ra are 
notched and bolt- 
ed. 

c, sheeting piles. 

tf , top w«le on main 

piles. 
e, cross pieces, 
t, joiide and support- 

nig string pieces for 

slieeting piles. 
00. horizontal shores 

buttressing opposite 

sides of dam. 

A, ^inddling. 

B, mterior space. 

C, mud, <&c. 

D, rock bottom. 



vertical plane. Between each pair of opposite uprights, horizon- 
tal shores may be placed at the points opposite the position of the 
string pieces, to increase the resistance of the dam to the pressure 
of the water ; the top shores extending entirely across the dam, 
and being notched on the top string pieces. The interior shores 
must be so arranged that they can be readily taken out as the 
masonry on the interior is built up, replacing them by other shores 
resting against the masonry itself. 

397. When the bed of a river presents a rocky surface, or rock 
covered with but a few feet of mud, or loose soil, cases may occur 
in which it will be tnore economical and equally safe to lay a bed 
of beton without exhausting the water from tne area to be built 
on ; enclosing the area, before throwing in the beton, by a simple 
coffer work formed of a strong frame work of uprights and hori- 
zontal beams and sheeting piles. The frame work (Fig. 24) in 
this case is composed of uprights connected by string pieces in 
pairs ; each pair is notched and bolted to the uprights, a sufficient 
mterval being left between them for the insertion of the sheeting 
piles. To secure the frame work to the rock, it may be re- 
quisite to drill holes in the rock to receive the foot of each up- 
right. The holes may be drilled by means of a lone iron bar, 
termed 2l jumper, which is used for this purpose, or else the or- 
dinary diving bell may be employed. 1 his machine is very ser- 
viceable in all similar constructions where an examination of work 
onder water is requisite, or in cases where it is necessary to lay 
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masonry under water. . The frame work is put together on land, 
floated to its position, and settled upon the rock ; the sheeting 




Fig. 24^Repre8ent8 a cofTer work for confining beton. 

A, section of cofTer work and beton. 

B, plan of coffer work. 

a, a', square upriglils connected by horizontal beams b, h' 
bolted to them in pairs. 

c, c\ sheeting piles inserted between the beams 6, h' and 
the uprights a, a'. 

d, d\ iron rods connecting opposite sides of coffer work. 



piles are then driven into close contact with the surface of the 
rock. 

398. The convenience unci ctuiioniy resulting from the use of 
beton for the beds of structures raised in water, have led General 
Treussart to propose a plan for laving beds of this material, and 
then to take advantage of their strength and impermeability to con- 
struct a coffer-dam upon them, in order to carry on the super- 
structure with more care. To effect this, the space to be occupied 
by the bed (Fig. 25) is first encloseil by square piles, driven in 
juxtaposition and secured at top by a string piece. The mud and 
loose soil are then scooped from the enclosed area to the firm soil 
on which the bed of beton is to be laid. The bed of beton is next 
laid with the usual precautions, and while it is still soft a second 
row of square piles is driven into it, also in juxtaposition, and at 
a suitable distance from the first for tlie thickness of the dam ' 
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these are also secured at top by a string piece. Cross pieces are 




Fig. 35— Reprewnts a mcUoq of Gen- 
eral Treunart'a dam. 
A, bed ofbeton. 
U, puddling of dam. 
C, inasonrjr of structnre. 

a, aquare piles. 

b, wale pieces. 

c, crosB pieces. 



notched upon the string pieces, to secure the rows of piles and form 
a scaffolding. An ordinary puddling is placed in between the rows 
of piles, and the interior space is pumped dry. 

Should the soil under the bed of beton be permeable, the pres- 
sure of the water on the base of the bed may oe sufficient to raise 
the bed and the dam upon it, when the water is taken from the 
interior space. A proper calculation will show whether this dan- 
ger is to be apprehended, and should it be, a provisional weight 
must be placed on the dam, or the bed of beton, before exhaust- 
ing the interior. 

399. When the depth of water is great, or when, from the 
permeability of the soil at tlie bottom, it is difficult to prevent 
leakage, a coffer-dam may be a less economical method of laying 
foundations than the caisson. The caisson (Fig. 26) is a strong 
water-tight vessel having a bottom of solid heavy timber, and 
vertical sides so arranged that they can be readily detached from 
the bottom. The following is the usual arrangement of the cais- 
son, it, like the coffer-dam, being subject to changes to suit it to 
the locality. The bottom of the caisson, serving as a platform 
for the foundation course of the masonry, is made level and of 
heavy timber laid in juxtaposition, the ends of the beams being 
ronmied by tenons and screw-bolts to longitudinal capping pieces 
of larger dimensions. The sides of the box are usually vertical. 
The sides are formed of upright pieces of scantling covered with 
thick plank, the seams bemg carefully calked to make the cais- 
son water-tight The lower ends of the uprights are inserted 
iDto shallow mortises made in the capping. The airangemenS 
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for detaching the sides, is effected in the following manner. 
Strong hooks of wrought iron are fixed to the bottom of the 




TifH. 9S— Repreeents a croBseo- 
tion and interior end view of 
acaiflKHi. The boardfl in thk 
Fig. are represented as let 
into grooves in the vertical 
pieces, instead of being nailed 
to them on the exterior. 

a, bottom beams let into 
grooves in the capping. 

fr, square uprights to sustain 
the boards. 

c. cross pieces resting on b. 

a, iron rods fitted to liooks at 
bottom and nuts at top. 

f , longitudinal beams to stay 
the cross pieces c, 

A, section of the i 



caisson at the sides of the capping piece, corresponding to the 

Points where the uprights of the sides are inserted into this piece 
leces of strong scantling are laid across the top of the caisson, 
resting on the opposite uprights, upon which they are notched. 
These cross pieces project beyond the sides, and the projecting 
parts are pertorated by an auger-hole, large enough to receive a 
bolt of two inches in diameter. The object of these cross pieces 
is twofold ; t!ie first is to buttress the sides of the caisson at top 
against the exterior pressure of the water ; and the second is to 
serve as a point of support for a long bolt, or rod of iron, with an 
eye at the lower end, into which the hook on the capping piece 
is inserted, and a screw at top, to which a nut, or female screw 
is fitted, and which, resting on the cross pieces as a point of sup- 
port, draws the bolt light, and, in that way, attaches the sides 
and bottom of the caisson firmly together. 

A bed is prepared to receive the bottom of the caisson, by lev- 
elling the soil on which the structure is to rest, if it be of a suit- 
able character to receive directly the foundation ; or by driving 
large piles ihrouch the upper compressible strata of the soil to 
the firm stratum beneath. The heads of the piles are sawed off 
on a level to receive the bottom of the caisson. 

To settle the caisson on its bed, it is floated to and moored 
over it ; and the masonry of the structure is commenced and 
carried up, until the weight grounds the caisson. The caisson 
should be so contrived, that it can be grounded, and afterwards 
raised, in case that the bed is found not to be accurately levelled 
To effect this, a small sliding gate should be placed in the side 
of the caisson, for the purpose of filling it with water at pleasure 



FOUNDATIONS. 185 

By means of this gate, the caisson can be fiUed and grounded, 
and, by closing the gate and pumping out the water, it can be set 
afloat. 

After the caisson is settled on its bed, and the masomy of the 
structure is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods, 
and then taking off the top cross pieces. By first filling the cais* 
son with water, this operation of detaching the sides can be more 
easily performed. 

400. To adjust the piles before they are driven, and to prevent 
them from spreading outward by the operation of driving, a strong 
grating of heavy timber, formed by notching cross and longitudi- 
nal pieces on each otiier, and fastening them firmly together, may 
be resorted to. This grating is arranged in a similar manner to 
a grillage ; only the square compartments, between the cross and 
string pieces, are larger, so that they may enclose an area for 4 
or 9 piles ; and, instead of a single row of cross pieces, the 
grating is made with a double row, one at top, the other at the 
bottom, embracing the string pieces on which they are notched. 

The grating may be fixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401. Where the area occupied by a structure is very consider- 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, by forming an artificial island of loose 
heavy blocks of stone, which are spread over the area, and receive 
a baiter of from one perpendicular to one base, to one perpen- 
dicular and six base, according to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the structure should not be com- 
menced before the bed appears entirely to have settled ; nor even 
then, if there be any danger of further settling taking place from 
the additional weight of the structure. Should any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
somewhat greater than that of the contemplated structure, and 
rfiis weight may be gradually removed, if composed of otlier 
materials than those required for the structure, as the work pro- 
gresses. 

403. To give perfect security to foundations in running water, 
the soil around the bed must be protected to some extent firom 
the action of the current. The most ordinary method of effect- 
ing this, is by throwing in loose masses of broken stone of suffi- 
cient size to resist the force of the current. This method wOl 
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gire all required security, where the soil is not of a shifting cha 
racter, like sand and gravel. To secure a soil of this last nature, 
it will, in some cases, be necessary to scoop out the bottom around 
the bed to a depth of from 3 to 6 feet, and to fill this excavated 
part with beton, the surface of which may be protected from the 
wear arising from the action of the pebbles carried over it by the 
current, by covering it with broad flat flagging stones. 

404. When the bottom is composed of soft mud to any great 
depth, it may be protected by enclosing the area with sheeting 

[)iles, and then filling in the enclosed space with fragments oi 
oose stone. If the mud is very soft, it would be advisable, in 
the first place, to cover the area with a grillage, or with a layer 
of brushwood laid compactly, to serve as a bed for the loose 
stone, and thus form a more stable and solid mass. 

CONSTRUCTION OF MASONRY. 

405. Under this head will be comprised whatever relates to the 
manner of determining the forms and dimensions of the most im- 
portant elementary components of structures of masonry, together 
with the practical details of their construction. 

406. Foundation Courses, As the object of the foundations is 
to give greater stability to the structure by difiusing its weight 
over a broad surface, their breadth, or spread, should be propor- 
tioned both to the weight of the structure and to the resistance 
offered by the subsoil. In a perfectly unyielding soil, like hard 
rock, there would be no increase of stabihty by augmenting the 
base of the structure beyond what would be strictly necessary to 
its stability in a lateral direction ; whereas in a very compressible 
soil, like soft mud, it would be necessary to make the base of the 
foundation very broad, so that by difi'using the weight over a great 
surface, the subsoil may offer sufficient resistance, and any un- 
equal settling be obviated. 

407. The thickness of the foundation course will depend on 
the spread ; the base is made broader than the top from motives 
of economy. This diminution of, the volume (Fig. 27) is made 



Fig. S7— Section of foundation connef and sopentroo- 

ture. 
A, batter. 
6, offsets. 
C, supentnictare. 



either in steps, termed offsets, or else by giving a uniform batter 
from the base to the top. The latter method is now generally 
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used ; it presents equal stability with the former with a smaller 
Tolame. 

When the fowidation has to resist only a vertical pressure, an 
eoual batter is given to it on each side ; but if it has to resist also 
a lateral effort, the spread should be greater on the side opposed 
to this effort, in order to resist its tendency, which would be to 
cause a yielding on that side. 

408. The bottom course of the foundations is usually formed 
of the largest sized blocks, roughly dressed off with the hammer ; 
but if the bed is compressible, or the surfaces of the blocks are 
winding, it is preferable to use blocks of a small size for the bot- 
tom course ; because these small blocks can be firmly settled, by 
means of a heavy beetle, into close contact with the bed, whicn 
cannot be done with large sized blocks, particularly if their under 
surface is not perfectly plane. The next course above the bottom 
one should be of large blocks, to bind in a firm manner the smaller 
blocks of the bottom course, and to diffuse the weight more uni 
formly over them. 

409. When a foundation for a structure rests on isolated sup- 
ports, like the pillars, or columns of an edifice, an inverted or 
counter-arch, (Fig. 28,) should connect the top course of the 
foundation under the base of each isolated support, so that the 
pressure on any two adjacent ones may be distributed over the 
bed of the foundation in the interval between them. This precau- 
tion is obviously necessary only in compressible soils. In incom- 
pressible soils It would be alone requisite to carry up the courses 
munediately below each support with great care, to present a 
stable bed for the base of the support. 




Fig. Mh-SecCion of veitical 
■uppoiti on roToiBod sreh' 
et. 

A, reveraed arch. 

B, vertical flopporte. 

C, bed of stone. 



The reversed arch is also used to give greater breadth to the 
foundations of a wall with counterforts, and in cases where an 
upward pressure from water, or a semi-fluid soil requires to be 
counteracted. In the former case the reversed arches are turned 
under the counterforts ; in the latter they form the points of sup- 
port of the walls of the structure. 

410. The angles of the foundations should be formed of the 
most massive blocks. The courses should be carried up uni 

18 



188 MASONRY. 

formlv throughout the foundation, to prevent unequal settling in 
the mass. 

The stones of the top course of the foundation should be suffi- 
ciently large to allow the course of the superstructure next above 
to rest on the exterior stones of the top course. 

411. Hydraulic mortar should be used for the foundations , 
and the upper courses of the structure shoidd not be commenced 
until the mortar has partially set throughout the entire founda- 
tion. 

412. Component parts of Structures of Masonry. These may 
be divided into several classes, according to the efforts ^ey sus- 
tain ; their forms and dimensions depending on these efforts. 

1st. Those which sustain only their own weight, and are not 
liable to any cross strain upon the blocks of which they are 
formed, as tne walls of enclosures. 

2d. Those which, besides their own weight, sustain a vertical 
pressure arising from a weight borne by them, as the walls of edi- 
fices, columns, the piers of arches, &c. 

3d. Those which sustain lateral pressures, and cross strains 
upon the blocks, arising from the action of earth, water, frames, 
or arches. 

4th. Those which sustain a vertical upward, or downward 
pressure, and a cross strain, as areas, lintels, &c. 

5th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. Walls of Enclosures. Walls for these purposes may be 
built of brick, rubble, or dry stpne. 

Brick walls are usually built vertically upon the two faces ; 
their thickness cannot be less than that of one brick. A wall of 
one brick and a half thick will serve for any length, provided the 
height be not over 15 or 20 feet. 

Rubble stone walls should never receive a thickness less than 
18 inches when the two faces are vertical. Rondelet, in his work 
VArt de Bcttir^ lays down a rule that the mean thickness of both 
rubble and brick walls should be j\ of their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their height exceeds 12 feet, their mean thickness 
should be i of the height. 

Stone walls are usually built with sloping faces. The batter 
should not be greater, when the stones are cemented with mor- 
tar, than one base to six perpendicular, in order that the rain may 
run rapidly from the surtace, and that the wall be not too much 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter is arranged either by building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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thickness of the wall at fop should not be less than from 8 to 12 
inches. 

When a wall is built with an equal batter on each face, and the 
thickness at the top and the mean thickness are fixed, the base of 
the wally or its thicKness at the bottom, will be found by subtract- 
ing the thickness at top from twice the mean thickness, Tliis 
rule evidently makes the batter of the wall depend upon the two 
preceding dimensions. 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the line of the wall. These are spurs 
of masonry projecting some length from the wall, and are firmly 
connected with it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ; their height should be the 
same as that of the wall. 

In rubble wall the counterforts may be made of hammered, or 
cut stone. In addition to this means of strengthening walls, hon- 
zontal courses, or chains of dressed stone may be advantageously 
used from distance to distance, frt>m the bottom of the wall up- 
ward. 

414. Vertical Supports. These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masoiuy which compose the supports should be regu- 
lated by the weight borne. If, as in the walls of edifices, tlie 
resultant of the efforts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the outer 
odce, that the stone forming the lowest course would be in danger 
of being crushed. 

In broad enclosed spaces covered at top, the dimensions of the 
wall may be calculated as in the case of ordinary enclosures, and 
the dimensions thus obtained be increased in proportion to the 
weight to be borne. 

Cross walls between the exterior walls, as the partition walls 
of edifices, should be regarded as counterforts which strengthen 
the main walls. 

416. Areas, The term area is applied to a mass of masonry, 
usually of a uniform thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure to sustain. Whenever this occurs, as in the 
case of the bottoms of cellars in communication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufiiciently strong to ensure safety ; in this case an 
inverted arch must be used. 

416. Retaining, or Sustaining Walls. These terms are i^ 
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plied to walls which sustain a lateral pressure frcm an embank 
ment, or a head of water. 

417. Retaining walls may peld by sliding either along the 
base of the foundation courses, or along one of the horizontal 

f'oints, or by rotation about the exterior edge of some one of the 
lorizontal joints. 

418. The determination of the form and dimensions of a re- 
taining wall for an embankment of earth is a problem of consider- 
able intricacy, and the mathematical solutions which have been 
given of it have generally been confined to particular cases, for 
which approximate results alone have been obtained ; these, how- 
ever, present sufficient accuracy for all practical purposes within 
the limits to which the solutions are applicable. Amon^ the many 
solutions of this problem, those given oy M. Poncelet of the Corps 
of French Military Engineers, in a Memoir on this subject, pub- 
lished in the Memorial de VOfficier du G^ie, No. 10, present 
a degree of research and completeness which pecuUarly charac- 
terize all the writings of this gentleman, and have ^ven to his 
productions a claim to the fullest confidence of practical men. 

The following formula, applicable to cases of rotation about the 
exterior edge of the lowest horizontal joint, are taken from the 
memoir above cited. 

Calling H, the height BC (Fig. 29) of a wall of uniform thick- 
ness, the face ami back being vertical. 
G->- :aiinmimnr 
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?• aectioQ of the embankmont above the waU. 
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A, the mean height CG of the embankment, retained by the wall, 
above the top of the wall. 

(;,*the berm DI^ or distance between the foot of the embankmem 
and the outer edge of the top of the wall. 

a, the angle between the line of the natural slope BN of the earth 
of the embankment and the vertical B6. 

/= cot. a, the co-efficient of friction of the earth of the embank- 
ment. 
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Wf the weight of a cubic foot of the earth, 
lo',. the weight of a cubic foot of the masonry of the wall. 
h^ the base AB, or thickness of the wall at bottom. 
Then, _ 

fr=0.74 tan. |a\/^,(A + 1.126H)+0.()488A- 0.66c tan.a(A 

-0.6^)(A-0.25). 

The above formula gives tlie value of the base of a wall with 
vertical faces, within a near decree of approximation to the true 
result, only yfhen the values of the quantities which enter into it 
are confined within certain limits. These limits are as follows : 
for A, between and H ; c, between and jH ; /, between 0.6 
and 1.4, which correspond to values of a of 70° and 36°, beinff 
in the one case the angle which the line of the natural slope of 
very fine dry sand assumes, and in the other of heavy clayey 
earth : and tor u?, between u?', and |u;'. Besides these limits, 
the formula also rests on the assumption that the excess of stabil- 
ity of the wall over that of a strict equihbrium is represented by 
0.912 ; or, in other words, that the moment of the pressure against 
the wall is taken 0.912 greater than the moment of strict equi- 
hbrium between it and the wall. This excess of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
century with security. 

419. Having by the preceding formula calculated the value of. 
b for a vertical wall, the base b' of another wall, presenting equal 
stability, but having a batter on the face, the back being vertical, 
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which is the usual form of the cross section of retaining waILi» 
can be calculated from the following notation and formula. 
Calling (Fig. 30) V the base of the sloping wall. 
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n = jrr^ the batter, or ratio of the base of the slope to the per- 
pendicular, or height of the wall. 
Then, 

420. With regard to sliding either on the base of the founda- 
tion courses, or on the bed of any of the horizontal joints of the 
wall, M. Poncelet shows, in the memoir cited, by a comparison 
of the results obtained from calculations made under the suppo- 
sitions both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are cdlculatea to 
conform to the former, so long as the limits of A are taken between 
and 4H ; particularly if the precaution be taken to allow the 
mortar of the masonry to set firmly before forming the embank- 
ment behind the wall. 

421. F(nm of Section of Retaining Walls. Retaining walls 
have been built with a variety of forms of cross section. The more 
usual form of cross section is that in which the back of the wall 
is built vertically, and the face with a batter varying between one 
base to sixperpendicular, and one base to twenty-four perpen- 
dicular. Tne former limit having been adopted, lor the reasons 
already assigned, to secure the joints from the effects of weather ; 
and the latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forward. 

422. The most advantageous form of cross section for econo- 
my of masonry is the one (Fig. 31) termed a leaning retaining 




Fig. 31— RepTOBeDte a nctkni O of a leaning rataining 
wall with a dopiDg f ace AD and the bacE BC ooon- 
ter«loped. 



wall The counter slope, or reversed batter of the back of the 
wall, should not be less than six perpendicular to one base. In 
this case strength requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner edge of the base, that the stone of the bottom 
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course of the foundation may present sufficient surface to bear 
the pressure upon it. 

423. Walls with a curved batter (Fiff. 32) both upon the face 
and back, have been used in England, by some engineers, for 
quays. They present no peculiar advantages in strength over 




Fig. 39— Repmenti a section A of a wall with a 
cunred face and back, and an elevation B of tba 
coanterforts. 

C, water. 

D, embankment behind the wall, 
a, fender beams of timber. 



walls with plane faces and backs, and require particular care in 
arranging the bond, and fitting the stones or bricks of the face. 

424. Measures far increasing the Strength of Retaining 
Walls. These consist in the addition of counterforts, in the use 
of relieving arches, and in the modes of forming the embank- 
ment. 

425. Counterforts give additional strength to a retaining wall 
in several ways. By dividing the whole line of the wall into 
shorter lengths between each pair of counterforts, they prevent 
the horizontal courses of the wall from yielding to the pressure 
of the earth, and bulging outward between the extremities of the 
walls ; by receiving the pressure of the earth on the back of the 
counterfort, instead of on the corresponding portion of the back of 
the wall, its effect in producing rotation about the exterior foot of 
the wall is diminished ; the sides of the counterforts acting as 
abutments to the mass of earth between them may, in the case of 
sand, or like soil, cause the portion of the wall between the coun- 
terforts to be relieved from a part of the pressure of the earth 
behind it, owing to the manner in which the particles of sand be- 
come buttressed against each other when confined laterally, and 
offer a resistance to pressure. 

426. The horizontal section of counterforts may be either 
rectangular, or trapezoidal. Wher placed against the back of a 
wall, me rectangular form offers the greater stability in the case 
of rotation, and is more economical in constructioh ; the trape- 
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zoidal form gives a broader and therefore a firmer comiection be- 
tween the wall and counterfort than the rectanmilar, a point of 
some consideration where, from the character of me^natenals, the 
strength of this connection must mainly depend upon the strength 
of the mortar used for the masonry. 

427. Counterforts have been chiefly used by military engineers 
for the retaining walls of fortifications, termed revitements. In 
regulating their form and dimensions, the practice of Vauban has 
been generally followed, which is to make the horizontal section 
of the counterfort trapezoidal, making the height of the trapezoid 
ef, (Fig. 33,) which corresponds to the length of the counterfort, 
two tenths oj the height of the wall added to two feet , the base of 
the trapezoid ab corresponding to the junction of the counterfort 
and back of the wall, one tenth of the height added to two feet, 
and the side cd which correspondls to the back of the counterfort 
equal to two thirds of the base ab. The counterforts are placed 




Fif. S3— ReproMDtf a Mctkm A, and plan Dof a wall» and 
an eleratiou B, and plan E of a tiapexoidal oonnleifort. 



from 15 to 18 feet from centre to centre along the back of the 
wall, according to the strength required. 

428. In adding counterforts to walls, the practice has generally 
been to regard them only as giving additional stability to the wall, 
and not as a means of diminishing its volume of masonry of 
which the addition of the counterforts ought to admit. Considfered 
in this last point of view, the problem lor determining both the 
suitable dimensions of the counterforts and the thickness of the 
corresponding wall, is one of very considerable mathematical 
difficulty, whose solution must repose upon assumptions made as 
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to the manner in which the portions of the wall between the 
counterforts would be likely to yield to the pressure upon them, 
the support which they receive from the two counterforts at their 
extremities, and the stabiUty which the counterforts add to the 
entire system in preventing rotation. 

429. Relieving Arches are so termed from their preventing a 
portion of the embankment from resting affainst the back of the 
wall, and thus relieving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 



Fig. 34— Repretenti a lectioii H and an ela- 
▼atioo N of a wall and relieving archet in 
tiers. 

ioooftliewalL 
sectiona of the archa thnnigh their 

.J18. 

interior eleYatione of oounterfoiti Miy- 
_ . Jew of the archee. 
mteiior end elerations of archee. 



In arranging a combination of relieving arches and their piers, 
the latter. Tike ordinary counterforts, are placed about 18 feet 
apart between their centre lines ; their length should be so regu- 
lated that the earth behind them resting on the arches, and falUng 
under them with the natural slope, shall not reach the wall be- 
tween the arch and the foot of the back of the wall below the arch. 
The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pres 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment 
before the mortar of the retaining wall has had time to set firmly, 
various expedients may be employed to reUeve the wall from the 
pressure which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to the wall 
may be of a compact binding earth placed in layers inclining 
downward from the back of the wall, and well rammed ; or of a 
stiff mortar made either of clay, or sand, with about j\th in bulk 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid in to a 
suitable depth back from the wall for the same purpose. The 

J>recaution, however, of allowing the mortar to set firmljr before 
brming the embankment, should never be omitted except in cases 
of extreme urgency, and then the bond of the masonry should be 

1^ 
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airanged with peculiar care, to prevent disjunction along any ot 
the horizontal joints. 

431. Walls built to sustain a pressure of water should be regu- 
lated in form and dimensions like the retaining walls of embank- 
ments. The problem in this case is one of less difficulty than 
in the other, ixom the greater simplicity of the mathematical 
formula for the pressure of water. The buoyant effort of the 
water must be taken into account in this calculation, whenever the 
masonry is so placed as to be partially immersed in the water. 

432. Heavy walls, and even those of ordinary dimensions, 
when exposed, to moisture, should be laid in hydraulic mortar. 
Grout has been tried in laying heavy rubble walls, but with de- 
cided want of success, the successive drenchings of the stone 
causing the sand to separate from the lime, leaving when dry a 
weak porous mortar. When the stone is laid in full mortar, grout 
may be used with advantage over each course, to fill any voids 
left in the mass. 

433. Beton has frequently been used as a filling between the 
back and facing of water-tight walls ; it presents no advantage 
over walls of cut, or rubble stone laid in hydraulic mortar, and 
causes unequal settling in the parts, unless great care is taken in 
the construction 

434. When a weight, arising from a mass of masonry or earth, 
rests upon two or more isolated supports, that portion of it which 
is distributed over the space, or bearing between any two of the 
supports, may be borne by a block of stone, termed a lintel^ laid 
horizontally upon the supports, by a combination of blocks termed 
a plate-bande^ so arranged as to resist, without disjunction, the 
pressure upon them ; or by an arch. 

435. LmteL Owing to the slight resistance of stone to a cross 
strain, and to shocks, lintels of ordinary dimensions cannot be 
used alone with safetVi for bearingfs over six feet. For wider 
bearings, a slight brick arch is thn wn across the bearing above 
the lintel, and thus relieves it from the pressure of the parts 
above. 

436. Plate-bande. The plate-bande is a combination of blocks 
cut in the forai of truncated wedges. From the form of the 
blocks, the pressure thrown upon them causes a lateral pressure 
which must be sustained either by the supports, or by some other 
arrangement, (Fie. 35.) 

The plate-bande should be used only for narrow bearings, as 
the upper edges of the blocks at the acute angles are liaole to 
SDlinter from the pressure. If the bearing exceeds 10 feet, the 
plate-bande should be relieved from the pressure by a brick arch 
above it. Additional means of strengthening the plate-bande are 
vometimes used by forming a broken joint between the blocks, or 
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by a projection made on the face of one block to fit into a cor« 
ondinff indent in the adjacent one, or by connecting the blocks 
with iron bolts. 



-Fr-^ ^"ic, ^T^"*— RepTMents acnw 

^4 4 [in;i ot a plate-bande, 

!<fioxvn]i{ the manner in 

\v\.:rh 1 he VOUBBOilB A, A 

nri^l l; lira cut and con- 
]jr, s L ,;] by metal cramra. 
^, tit' nr wrought iron for 
I'li-^ tilijce-banae fusiciied 
lr> LiiL' bolts edt h'l into 
Lt)e ii]6t8 of tlie ])lute- 
banJe. 

When, firom any cause, the supports cannot be made suffi- 
ciently strong to resist the lateral pressure of the plate-bande, the 
extreme blocks must be united by an iron bar, termed a tie, suit- 
ably arranged to keep the blocks from yielding. 

437. Arcfies. The arch is a combination of wedge-shaped 
blocks, termed arch stones, or voussoirsy truncated towards the 
angle of the wedges by a curved surface which is usually normal 
to the surfaces of the joints between the blocks. This inferior 
surface of the arch is termed the intradosy or soffit. The upper, 
or outer surface of the arch is termed the extradosj or oach^ 
(Fig. 36.) 



Bt'^ 



* 

\* — 




YSm. 36— Represents an elevation M of the head of a right cylindrical arch, 
and a section N through the crown of tlie arch A, with an elevation B or 
the soffit and the face C of the abutment. 

oi, span of the arch. 

de» nse. 

aebt curve of the intrados. 

€j «, vousBoirs farming ring ooume of heads. 

U key stone. 

#, cushion stone of abutment. 

ffui, crown of the arch. 

0p, springing line. 

438. The extreme blocks of the arch rest against lateral sup- 
ports, termed abutments, which sustain both the vertical pressure 
arising from the weight of the arch stones, and the weight of 
whatever lies upon them ; also the lateral pressure caused oy tlie 
action of the arch. 

439. In a range, or series of arches placed side by side^ the 
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extreme tnipports arc termed the abutments, the intermediate sap- 
ports which sustain the intermediate arches and the halves of the 
two extreme ones are termed piers. When the size of the arches 
is the same, and their springing lines are in the same horizontal 
plane, the piers receive no other pressure but that arising from 
the weight of the arches. 

440. Arches are classified, from the form of the soffit, into 
cylindrical^ conical^ conoidaly warped^ annular^ groined^ clois* 
teredf and doTjies. They are also termed rights oblique, or askew, 
and rampant, from their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch, This is the most usual and the sim- 
plest form of arch. The soffit consists of a portion of a cylindri- 
cal surface. When the section of the cylinder perpendicular to 
the axis of the arch, termed a right section, cuts from the surface 
a semi-circle, the arch is termed a full centre arch ; when the 
section is an arc less than a semi-circle, it is termed a segment 
arch; when the section gives a semi-ellipse, it is termed an 
elliptical arch; when the section gives a curve resembling a 
semi-ellipse, formed of arcs of circles tangent to each other, the 
arch is termed an oval, (Fig. 37,) or basket handle^ and is cidled 
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a curve of three, five, &c. centres, according to the number of 
arcs, which must be odd to obtain a curve symmetrical with 
respect to the vertical line bisecting it ; when the section is that 
of two arcs of circles intersecting at the middle point of the curve, 
it is termed a pointed, or an cStuse or surbased arch, (Figs. 88 
and 39,) according as the angle between the arcs at their inter- 
section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter- 
minated by two planes, termed the heads of the arch, perpendicu- 
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bur to the axis of the arch ; obliqtie, or askew, when the heads 
are oblique to the axis ; and rampant when the axis of the arch 
is oblique to the horizontal plane. 
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442. The chord of the cunre of right section (see Fiff. 36) is 
termed the span of the arch, its versed sine the rise of Uie arch. 
When the heads of the arch are oblique to the axis, the chord of 
the oblique section made by the plane of the heads is termed the 
qmn of the askew section. The lines of the soffit correspondinfl 
to the extremities of the span are termed the mringing lines of 
the arch ; the top portion, or line of the soffit, is termed the 
crown. The top stone of the crown the key stone. The line 
drawn through the middle point of the span at the extremities of 
the arch, is termed the axis of the arch.* 

443. The form of right section will depend upon the purposes 
which the arch is to serve, the locality, and the st^Ie of arcnitec- 
tore employed. When the rise is less than hall the span, the 
aich is weaker than in either the full centre, or where the rise is 

• See Jfoii 0., Appendix. 
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greater than half the span. The methods of describing the rarious 
cunres of ri^t section will be explained in the Appendix. 

444. The same general principle is followed in arranging the 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The surfaces of the joints should be normal to the 
surface of the soffit, and the surfaces of any two systems of joints 
should be normal t6 each other at their lines of intersection. These 
conditions, with respect to the joints, will be satisfied by tracing 
upon the soffit its lines of least and greatest curvature, and taking 
the edges of one series of joints to correspond with one of these 
systems of lines, and the edges of the other series with the other 
system, the surfaces of the joints being formed by the surfaces 
normal to the soffit along the respective lines in question. When- 
ever the surface of the soffit belongs to any of the families of 
geometrical surfaces, the joints will be thus either plane, or de- 
velopable surfaces. In the cylindrical arch, for example, the 
edges of one series of joints will correspond to the elements of 
the cylindrical surface, while those of the other will correspond 
to the curves of right section, the former answering to the line 
of least, and the latter of greatest curvature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines in question, will be normal also to each 
other. 

445. In full centre and segment arches, the voussoirs are 
usually made of the same breadth, estimated along the curve of 
ri^ht section. The planes of the joints of each course of vous 
soirs between the heads of the arch are made continuous, (see 
Fig. 36,) each of these courses being termed a string course, and 
their joints coursing joints. The planes of the joints along the 
curves of right section are not continuous, but break joints ; the 
stones which correspond to two consecutive series of these joints 
being termed a ring course, and its joints heading Joints. By 
this combination of the ring and string courses, the fitting of the 
blocks, the settling of the courses, and the bond are arranged in 
the best manner. 

446. In the other forms of right section of cylindrical arches, 
it may not, in many cases,, be practicable to give the voussoirs 
the same breadth, owing to the variable curvature of the right sec- 
tion ; but the same arrangement is followed for the ring and string 
courses. 

447. In oblique cylindrical arches, when the obliquity is but 
slight, no change will be required in the arrangement of the 
courses and joints ; but when the angle between the heads and 
the axis is considerably less than a right angle, the ring courses 
at the extremities of the arch would have what is termed a false 
bearing, that is, the pressure upon their coursing joints would 
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not be transmitted in the direction of the pressure to the fixed 
lateral supports, and therefore these portions of the arch would 
be insecure. To obviate these defects, as well as the unequal 
bearing upon the lateral supports in such case, arrangements of 
the coursmg and heading joints have been devised, by which a 
better bond is obtained, and the total pressure from the voyssoirs 
thrown upon the abutments. 

One method for this purpose has been mostly used in England, 
and consists in placing the edges of the heading and coursing 
joints along spiral hues of the cylindrical soffit which intersect 
each other at right angles. The directing spirals for the heading 
joints (Fig. 40) being taken parallel to the one which is drawn con- 



^ Fig. 4<>— Repreaentfl an el^ 
vation A of the head and 
of a part of the soffit B of 
an oblH^ue cylindrical arch 
with spiral joints. 

a, voussoire of cut stone. 

c, c, bottom course of stone 
vousBoirs cut to receive the 
brick courses. 

C, face of the abutment. 

D, ends of the abutments. 



necting the extreme points of the askew curve of the head ; those 
for the coursing being traced perpendicular to the former. The 
joints being normal to the soint along the spirals, will be heUcoi- 
dal surfaces. This method palliates only to some extent the 
weakness of the bond in the courses near the heads, and giving 
a considerable dip to the coursing joints at the extremities of the 
abutments which make an acute angle with their faces, it presents 
here also a weak point. It possesses an important advantage, 
however, in permitting the soffit ends of the string courses to be 
of equal breadth throughout, and tlierefore allows the method to 
be adapted as well to brick as cut stone. To bring the coursing 
joints to correspond exactly with the divisions of the ring courses 
of the heads, it may be necessary, in some cases, to shift the 
spirals of the coursing joints sHghUy, in making the drawings for 
the arch. The end blocks of the string courses which rest upon 
the abutment, or lelse the top course of the abutment, must be 
suitably cut to correspond to the direction of the heading joints 
and that of the horizontal courses of the abutment. 

448. A second method, in use among the French engineers, 
consists in making the heading joints plane surfaces and parallel 
to the heads of the arch, and in taking for the edges of the coursing 
joints (Fig. 41) the trajectories traced on the soffit perpendicular 
to the edges of the heading joints. The surfaces of the coursing 
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joints are made Dormal to the soffit. By this plan some of the 
ddects of the former are remedied, but it has the disadvantage 

Z Fig. 41— Rcpfwenli 
anelerationofthe 
head and a portka 
of the soffit of an 
oblique cylindrical 
arch, with the 
edges of the ooon- 
ing ioints focming 
triijectories at right 
angles to the edges 
of heading joints 
parallel to the 
curves of the heads 
of theaich. 
The letters refer to 
same parts as in 
Fig. 40. 

of giving an unequal breadth to the soffit ends of the voussoirs, 
and therefore is inapplicable to brick arches. The curves of the 
trajectories and the coursinc joints are of more difficult construc- 
tion than in the first method. 

449. Cylindrical, groined, and cloistered arches are formed by 
the intersections of two or more cylindrical arches. The span 
of the arches may be different, but the rise is the same in each. 
The axes of the cylinders will be in the same plane, and they may 
intersect under any angle. 

The groined arch (Fig. 42) is formed by removing those por- 



Flg. 49— Represents the plan of the soffll 
and the right sections M and N of th* 
cylinders fomiing a groined arch. 

aa, pillars supporting the arch. 

hc^ groins of the soflit. 

om. mn, edges of coursing joints. 

A, Key stone of the two arches formed of 
one block. 
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^B, groin stones of one block belofw the 
ey stone forming a part of each arch 



tions of each cylinder which he under the other and betweeD 
their common curves of intersection ; thus forming a projecting, 
or salient edge on the soffit along these curves. 

The cloistered arch (Fig. 43) is formed by removing those por- 
tions of each cylinder which are above the other and exterior to 
their common intersection, forming thus re-entering angles along 
the same lines. 

450. The planes of the joints in both of these arches are placed 
in the same manner as in Uie simple cylindrical arch. The innec 
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edges of the corresponding course of voussoirs in each arch are 
placed in the same plane parallel to that of the axes of the cyUn- 
M 




Fig. 43— Represents a netioii M of the TOiwoin and 
an elevation of the eofflt of a doitteied arch, with 
a plan N of the soffit 

A, A, vouawira. 

mn, edge of conning Joint 
0, 0, edffOB of heading joints 

B, B, aBatments of the aiehes. 
acbj, curve of the groin. 

C, C, groin stones of one block. 



ders. The portions of the soffit in each cylinder, corresponding 
to each course of voussoirs, which form either the groin in the 
one case, or the re-entering angle in the other, are cut from a 
single stone, to present no joint along the conunon intersection of 
the arches, and to give them a firmer bond. 

451. Conical arches are of rare application. When used, the 
same general principles with respect to the joints and bond apply 
to them. The surfaces of one set of joints will be planespassea 
through the elements of the cone and normal to the soffit ; the 
other will be conical, or other surfaces, Ukewise normal to the 
soffit and passing through the curves of least curvature. 

452. When the spans at the two ends of an arch are unequal, 
but the rise is the same, then the soffit of the arch is made of a 
conoidal surface^ The curves of right section at the tAvo ends 
may be of any figure, but are usually taken from some variety 
of the elliptical, or -oval curves. The soffit is formed by moving 
a line upon the two curves, and paicallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
variety of warped surfaces may be used for soffits according to 
circumstances ; the joints and the bond depending on the gener- 
ation of the surface. 

453. In arranging the joints in conoidal arches, the heading 
joints are contained in planes perpendicular to the axis of the 
arch. The coursing joints are also formed of plane surfaces, to 

20 
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arranged that the portion of the joint corresponding to each^Uock 
is formed by a plane normal to the conoid at the middle point of 
the lower edge of the block. • In this way the joints of the string 
course will not be formed of continuous sunaces. To make 
them so, it would be necessary to give them the form of wazped 
surfaces, which present more difficulty in their mechanical exe 
cution, and not sufficient advantaffes over the method just ex- 
plained to compensate for haying them continuous. 

454. The annular arch is formed by revolving the plane of a 
semi-circle, or semi-oval, or other curve, about a line drawn with- 
out the figure and parallel to the rise of the arch, (Fig. 44.) One 
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series of joints in this arch will be formed by conical surfaces 
passing through the inner edges of the stones which correspond 
to tlie string courses ; and the other series will be planes passed 
through the axis about which the semi-circle is revolved. This 
last series should break joints with each other. 

455. The soffit of a dome is usually formed by revolving the 

Siadrant of one of the usual curves of cylindrical arches around 
e rise of the curve ; or else by revolving the semi-curve about 
the line of the span, and taking the half of the surface thus gen- 
erated for the soffit of the dome. In the first of these cases the 
horizontal section of the dome at the springing line will be a cir- 
cle ; in the second the entire curve of the semi-curve by which 
the soffit is venerated. The plan of domes may also be of regu- 
lar polygonau figures ; in whicn case the soffit will be a polygooid- 
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cloistered arch fonned of equal sections of cylinders, (Fig. 45.) 
The joints and the bond are determined in the same manner as 
in other arches. 




Fig. 45— ReprMonts a sBction M of the vonnoin and 
an elevation of the soffit, with a plan N of the i '"' 
of an octagonal-ckristered dome. 

The letteiB refer to the fame parts as in Fig. 43. 



456. The Youssoirs which form the nng course of the heads, 
m ordinary cylindrical arches, are usually terminated by plane 
surfaces at top and on the sides, for the purpose of connecting 
them with the horizontal courses of the head which lie above and 
on each side of the arch, (Figs. 46 and 47.) This connection 




Fig. 40— Represents a manner of connecting the ' 

and horizontal conises in an oval arch. 
0, 0, are examples of voasMin with elbow joints. 



Fig. 47— Represents a mode of airanging the Toossoixi 
and horizontal ooones in flat segment arches 



may be arranged in a variety of ways. The two points to be 
kept in view are, to form a good bond between the voussoirs and 
horizontal courses, and to give a pleasing architectural effect by 
the arrangement. This connection should always give a sym- 
metrical appearance to the halves of the structure on each side 
of the crown. To effect these several objects it may be neces- 
sary, in cases of oval arches, to make the breadth of the voussoirs 
unequal, diminishing usually those near the springing lines. 

457. In small arches the voussoirs. near the springing line are 
to cut as to form a part also of the horizontal course, (see Fig. 
40,) forming what is termed an elbow joint. This plan is objeo- 
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tionable, both because there is a waste of material in forming 
a joint of this kind, and the stone is liable to crack when the 
arch settles. 

458. The forms and dimensions of the Youssoirs should be de- 
termined both by geometrical drawings and numerical calcula* 
tion, whenever the arch is important, or presents any complication 
of form. The drawings should, in the first place, be made to a 
scale sufficiently large to determine the parts with accuracy, and 
firom these, pattern drawing giving the parts in their true size 
may be made for the use oi the mason. To make the pattern 
drawings, the side of a vertical wall, or a firm horizontal area 
may be prepared, with a thin coating of mortar, to receive a thin 
smooth coat of plaster of Paris. The drawing may be made on 
this surface in the usual manner, by describing the curve either 
by points from its calculated abscissas and ordinates, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres fall within the limits of the 
prepared surface. In ovals the positions of the extreme radii 
should be accurately drawn either from calculation, or construc- 
tion. To construct the intermediate normals,. whenever the cen- 
tres of the arcs do not fall on the surface, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of tlie whole arc, 
thus set off, be bisected by a perpendicular. This construction 
will generally eive a sufbciently accurate practical result for 
elliptical and other curves of a large size. 

459. The masonry of arches may be either of dressed stone, 
rubble, or brick. 

In wide spans, particularly for oval and other flat arches, cut 
stone should alone be used. The joints should be dressed with 
extreme accuracy. As the voussoirs have to be supported by a 
framing of timber, termed a centre^ until the arch is completed, 
and as this structure is liable to yield, both from the elasticity of 
the materials and the number of joints in the frame^ an allowance 
for the settling in the arch, arising from these causes, is some- 
times made, in cutting the joints of the voussoirs falsCy that is, 
not according to the true position of the normal, but from the 
supposed position the joints will take when the arch has settled 
thoroughly. The object of this is to bring the surfaces of the 
joints into perfect contact when the arch has assumed its perma- 
nent state of equilibrium, and thus prevent the voussoirs from 
breaking by unequal pressures on tneir coursing joints. This 
is a problem of consiaerable difficulty, and it will generally be 
better to cut the joints true; and guard against settling and its 
effects by giving great stiffness to tlie centres, and by placing be- 
tween the joints of those voussoirs, where the principal moyement 
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takes place in arches, sheets of lead suitably hammered to fit the 
ioint and yield to any pressure. 

460. The manner of laying the voussoirs demands peculiar 
care, particularly in those which form the heads of the arch. 
The positions of the inner edges of the voussoirs are determined 
by fixed lines, marked on the abutments, or some other immovea- 
ble object, and the calculated distances of the edges from these 
lines. These distances can be readily set ofi" by means of the 
level and plumb-line. The ancle of each joint can be fixed by a 
quadrant of a circle, connected with a plumb-line, on which the 
position of each joiot is marked. 

461. Rubble stone is used only for very small arches which 
do not sustain much weight, or as a filling between a network of 
ring and string courses in large arches which sustain only their 
own weight. In each case the blocks of rubble should be roughly 
dressed with the hammer, and be laid in good hydraulic mortar. 

462. Brick may be used alone, or in combination with cut 
stone, for arches of considerable size. When the thickness of a 
brick arch exceeds a brick and a half, the bond from the soflit 
outward presents some difficulties. If the bricks are laid in con- 
centric layers, or shells, a continuous joint will be formed parallel 
to the surface of the soffit, which will probably yield when the 
arch settles, causing the shells to separate, (Fig. 48.) If the 

N 



Fig. 46— Represents an end 
view M of a brick arch 
built with blocks C, and 
shells A, and B. 

N, represents the manner 
of arranginff the courses 
of brick forming the 
crown of the arch. 



bricks are laid like ordinary string courses, forming continuous 

Joints from the soffit outward, these joints, from the form of the 
dcks, will be very open at the back, and, from tlie yielding of 
the mortar, the arch will be liable to injury in setthng firom this 
cause. To obviate both of these defects, the arch may be built 
partly by the first plan and partly by the second, or as it is termed, 
in shells and blocks. The crown, or key of the arch should be 
laid in a block, increasing the breadth of the block by two bricks 
for each course from the soffit outward. These bricks should be 
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laid in hydraulic cement, and be well wedged with pieces of thin 
hard slate between the joints. 

463. When a combination of brick and cut stone is used, the 
ring courses of the heads, with some intennediate ring courses, 
the bottom string courses, the key-stone course, and a few inter- 
mediate string courses, are macfe of cut stone, (Fig. 49,) the 



Fig. 49 
■ents a crosB see- 

tiOD of a BlOM 

segment arch 
capped with 
brick and beton. 

A, atone Tonseoin. 

B and D, brick and 
beton capping. 

C, abutroenL 

E» eoahion stooe. 



intermediate spaces being filled in with brick. The brick por- 
tions of the soffit may, if necessary, be thrown within the stone 
portions, forming plain caissons. 

464. The centres of small arches are not removed, or struck 
until the mortar has become hard ; in large arches, the centres 
should not be struck until the whole of the mortar has set firmly. 
In the joints near the springing lines the mortar will have become 
hard, in the ordinary progress of building an arch, before that in 
the higher joints will nave had time to set, unless hydraulic mor- 
tar of a quick set be used. After the centres are struck, the arch 
is allowed to assume its permanent state of equiUbrium, before 
any of the superstructure is laid. 

465. When the heads of the arch form a part of an exterior 
surface, as the faces of a wall, or the outer portions of a bridge, 
the voussoirs of the head ring courses are connected with the 
horizontal courses, as has been explained ; the top surface of the 
voussoirs of the intermediate ring courses are usually left in a 
roughly dressed state to receive the courses of masonry termed 
the cajming, (see Fie. 49,) which rests upon the arch between 
the walls of the head. Before laying the capping, the' joints of 
the voussoirs on the back of the arch should be carefully exam- 
ined, and, wherever they are found to be open firom the settling 
of the arch, they should be filled up with soft-tempered mortar, 
and by driving in pieces of hard slate. The capping may be va- 
riously formed of rubble, brick, or beton. Where the arches are 
exposed to the filtration of rain water, as in those used for bridges, 
and the casemates of fortifications, the capping should be of beton 
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laid in layers, and well rammed with the usual precautions for 
obtaining a solid homogeneous mass. 

466. The diflSiculty of forming water-tight cappings of mason- 
ry has led engineers, within a few years back, to try a coating of 
asphalte upon the surface of beton. The surface of the beton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thoroughly dry before the asphalte 
is laid. Asphalte is usually laid on in two layers. Before apply- 
ing the first, the surface of the beton should be thoroughly 
cleansed of dust, ^nd receive a coating of mineral tar apphed hot 
with a swab. This application of hot mineral tar is said to pre- 
vent the formation of air bubbles in the layers of asphalte which, 
when present, permit the water to percolate through the masonry. 
The first layer of asphalte is laid on m squares, or thin blocks, 
care being taken to form a perfect union between the edges of 
the squares by pouring the hot liquid along them in forming each 
new one. The surface of the first layer is made uniform, and 
rubbed until it becomes smooth and hard with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for the first, the squares breaking joints with those of the first. 
Fine sand is strewed over the surface of the top layer, and pressed 
into the asphalte before it becomes hard. 

Coverings of asphalte have been used both in Europe and in 
our miUtary structures for some years back with decided success. 
There have beeii failures, in some instances, arising in all prob- 
ability either from using a bad material, or from some fault of 
workmanship. 

467. In a range of arches, like those of bridges, or casemates, 
the capping of each arch is shaped with two inclined surfaces, 
like a common roof. The bottom of these surfaces, by their 
junction, form gutters where the water collects, and from which 
it is conveyed off in conduits, formed either of iron pipes, or of 
vertical openings made through the masonry of the piers which 
communicate with horizontal covered drains. A small arch of 
sufficient width to admit a man to examine its interior, or a square 
culvert, is formed over the gutter. When tlie spaces between the 
head walls above the capping is filled in with earUi, a series of 
drains running from the top, or ridge of the capping, and leading 
into the main gutter drain, should be formed of brick. They 
may be best made by using dry brick laid flat, and with intervals 
left for the drains, these being covered by otlier courses of dry 
brick with the joints in some degree open. The earth is filled in 
upon the upper course of bricks, which should be so laid as to 
form a uniform surface. 

468. When the space above the capping is not filled in vnth a 
solid mass, for the purpose of receiving the weight borne by the 
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arches, walls of a requisite height may be built parallel io the 
head walls, and these may serve either as the piers of small 
arches, (Fig. 50,) upon which the weight borne directly rests, or 




Fig. 50— ReimwntB a ■ecUon thioash 
a pier and the heads of an arch, 
showing the manner in which Bmall 
arches are built on piers C, C, paial- 
)el to the head walls B, to sustain tb# 
load above the arch 



else be covered by strong flat stones to effect the same object 
In this last case (Fig. 51 j the walls may be made lighter by form 




i, ' 




Fig. 51— Represents a cross section 
of the parts of two arches, and the 
pier A, showing the manner in 
which walls B, with arched opep- 
ings C, C through them are DuiH 
parallel to the heads, to receive the 
flat stones a, a which support the 
load above the arches. 



ins arched openings through them, or else a system of small right 
cjrlindrical groined arches may be used. All of these methods are 
in use in bridge building for sustaining the roadway, and also in 
roofing arched edifices. They throw less weight upon the abut- 
ments and piers of the arches than would a filling of solid ma- 
terial. 

469. From observations taken on the manner in which large 
cylindrical arches settle, and experiments made on a small scale, 
it appears that in all cases of arches where the rise is equal to 
or less than the half span they yield (Fig. 52) by the crown of 
the arch falling inward, and thrusting outward the lower portions, 
presenting five joints of rupture, one at the key stone, one on each 
side of it which limit the portions that fall inward, and one on 
each side near the springing lines which limit the parts thrust 
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outward. In pointed arches, or those in which the rise is ^ater 

Fig. 99— Represents the' maimer in which flat anh* 

es yield by rapture. 
0, Joint ofraptare at the key stooe. 
m, m, joints of rupture below the key stone, 
n, n, joints of rapture at springing lines. 

than the half span, the tendency to yielding is, in some cases, 
different ; here the lower parts may fall inward, (Fig. 53,) and 
thrust upward and outward the parts near the crown. 



Fig. 53— Represents the manner in which pointed 

arches may yield. 
The letten refer to same points as in Fig. SflL 



470. From this movement in arches a pressure arises against 
the key stone, termed the horizontal thrust of the arch, the ten- 
dency of. which is to crush the stone at the key, and to overturn 
the abutments of the arch, causing them to rotate about the ex- 
terior edjge of some one of their horizontal joints. 

471. The joints of rupture below the key stone vary in arches 
of different forms, and in the same arch with the weight it sus- 
tains. From experiments, it appears that in full centre arches 
the joints in question make an ancle of about 2T with the hori- 
zon; in segment arches of arcs less than 120° they are at the 
springing lines ; and in oval arches of three centres they are found 
about the angle of 45® of the small arc which, forms the extremity 
of the curve at the springing line. 

472. The calculation of the joints of rupture, the consequent 
horizontal thrust, and its effects in crushing the stone at the key 
and in overturning the abutment are problems of considerable 
mathematical intricacy. When the joints of rupture are given 
the jproblem assumes a more simple form, being one of statical 
equilibrium between the moments of the horizontal thrust aiid 
the weight of the arch and its abutments. 

The problem for finding the joints of rupture by calculation, 
and the consequent thickness of the abutments necessary to pre 
serve the arch from yielding, has been solved by a number of 
writers on the theory of the equilibrium of arches, and tables for 
effecting the necessary numerical calculations have been drawn 
up from their results to abridge the labor in each case. 

473. The connection between the top of the abutment, termed 
the impost of the arch, and the bottom courses of the arch, re- 

21 
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! aires peculiar care in segmental, askew, and rampant arches. 
Q the nrst, Uie thrust of the arch being yery great, it will be well, 
in heavy arches, to make the joints of the interior courses of the 
abutment, for some courses at least below the impost, oblique to 
the horizon to counteract any danger from sliding. The top stone 
of the abutment, termed the cushion stone of the arch, should be 
well bonded with the stones of the backing, and its bed, or bot- 
tom joint should be so far below the impost joint, that the stone 
shall offer sufficient strength to resist the pressure on it. 

In the askew arch the abutments are not uniformly loaded, and 
the entire thrust of the arch will not be received by the abutments 
if the arch is constructed in the usual manner. Each of these 
points reauires pecuUar attention : the first demanding the thick- 
ness of tne abutment to be suitably regulated ; the second that 
the arch be so built that the thrust may be thrown, as nearly as 

I)racticable, parallel to the planes of the heads. To eflFect this 
ast point, the portion of the arch above the upper joints of rup- 
ture (Fig. 54) must be divided into several zones, each of these 
zones being built without any connection with the two adjacent 
to it, but with their ends so arranged that this connection may be 
formed, and the arch made continuous after the centres are struck 



Fig. 54— Represents the developinent of half of 
the soffit of an oblique cylindrical arch with 
helicoidal joints, showins the divisioDB of the 
soffit into zones A, B, C, D by a series of head- 
ing joints mn laid open withont mortar. 

acbf development of curve of oblique section. 

ce, one of the edges of the coursing joints pe^ 

J)endicular to the light linao^* 
, springing line of arch. 



By this plan the settling will lake place after uncentrinc without 
causing cracks, and the thrust will be thrown on the abutments 
in the direction desired. 

In rampant arches, the impost joint being oblique to the hori- 
zon, care must be taken, if this obliquity be not less than the 
angle of friction of the stone used, either to cut the impost into 
steps, or else to use some suitable bond, or iron cramps and bolts 
to prevent disjunction between the arch and abutment. 

474. The abutments of right and of slightly oblique cylindn- 
cal arches are made of uniform dimensions; but when the ob- 
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hquty is considerable, it may be necessary to increase the thick- 
ness of a portion of each abutment where there is the greatest 

In conical and conoidal arches the abutments will in like man 
ner vary in dimensions with the span. 

475. In cloistered arches the abutments will be less than in an 
ordinary cylindrical arch of the same length; and in groined 
arches, in calculating the resistance offered by the abutments, 
the counter resistance offered by the weight of one portion in 
resisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be 
of considerable height, and therefore would demand extraordinary 
thickness, if used alone to sustain the thrust of the arch, they may 
be strengthened by the addition to their weight made in carrying 
them up above the imposts hke the battlements and pinnacles in 
Gothic architecture ; by adding to them ordinary, full, or arched 
buttresses, termed ^ytn^ buttresses; or by using ties of iron con- 
necting the Toussoirs near the joints of rupture below the key 
stone. The employment of these different expedients, their forms 
and dimensions, will ctepend on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den from view except in the plate-bande, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
other expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the lower courses of the dome and 
relieving the abutment from the thrust 

477. When abutments sustain several arches above each other, 
like relieving arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ; and the several por- 
tions between each tier must be strong enough to resist the thrust 
of their corresponding arches. 

478. In a range of arches of unequal size, the piers will have 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the form and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequal 
arches. 

479. Precautions against Settling. One of the most difficult 
and important problems in the construction of masonry, is that 
of preventing unequal settling in parts which require to be con- 
nected but sustain unequal weights, and the consequent ruptures 
]n the masses arising from this cause. To obviate this difficulty 
requires on the part of the engineer no small degree of practical 
tact. Several precautions must be taken to diminish as far as 
practicable the danger from unequal settling. Walls sttstaiimg' 
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heayy yertical pressures should be built up uniformly, and witk 
great attention to the bond and correct fitting of the courses. The 
materials should be uniform in quality and size ; hydraulic mor- 
tar should alone be used ; and the permanent iveight not be laid 
on the wall until the season after the masonry is laid. As a far* 
ther pn^caution, when practicable, a trial weight may be laid upon 
the wall before loading it with the permanent one. 

Where the heads of arches are ouilt into a wall, particularly 
if they are designed to bear a heavy permanent weight, as an 
embankment of earth, the wall should not be carrried up higher 
than the imposts of the arches until the settling of the latter has 
reached its final term ; and as there will \St danger of disjunction 
between the piers of the arches and the wall at the head, from 
the same cause, these should be carried up independently, but so 
arranged that their after-union may be conveniently effected. It 
would moreover be always well to suspend the building of the 
arches until the season following that in which the piers are 
finished, and not to place the permanent weight upon the arches 
until the season following their completion. 

480. Pointing, The mortar in the joints near the surfaces of 
walls exposed to the weather should be of the best hydraulic 
lime, or cement, and as this part of the joint always requires to 
be carefully attended to, it is usually filled, or as it is termed 
pointed, some time after the other work is finished. The period 
at which pointing should be done is a disputed subject among 
builders, some preferring to point while the mortar in the joint is 
still fresh, or green^ and others not until it has become hard. 
The latter is the more usual and better plan. The mortar for 
pointing should be poor, that is, have rather an excess of sand ; 
the sand should be of a fine uniform grain, and but little water 
be used in tempering the mortar. Before applying the pointing, 
the joint should be well cleansed by scraping and bnisning out 
the loose matter, and then be well moistened. The mortar is 
applied with a suitable tool for pressing it into the joint, and its 
surface is rubbed smooth with an iron tool. The practice among 
our military engineers is to use the ordinary tools for calking in 
applying pointing ; to calk the joint with the mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To' obtain pointing that will withstand the vicissitudes of our cli- 
mate is not the least of the difficulties of the builder^s art. The 
contraction and expansion of the stone eitlier causes the pointing 
to crack, or else to separate from the stone, and the surface water 
penetrating into the cracks thus made, when acted upon by frost, 
throws out the pointing. Some have tried to meet tnis difficulty 
by giving the surface of the pointing such a shape, and so ar- 
XBDging U with respect to the surfaces of the stones fonuing the 
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joint, that the water shall trickle over the pointing without enter* 
ing the crack which is usually between the bed of the stone and 
the pointing. 

481. The term flash pointing is sometimes appUed to a coat- 
ing of hydraulic mortar laid over the face, or back of a wall, to 
preserve either the mortar joints, or the stone itself from the action 
of moisture, or the effects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
coarse sand, and be applied in a single uniform coat over the sur- 
face, which should be prepared to receive the stucco by having 
the joints thoroughly cleansed from dust and loose mortar, and 
being well moistened. 

No pointing of mortar has been found to withstand the effects 
of weather in our climate on a long line of coping. Within a few 
years a pointinff of asphalte has been tried on some of our mili- 
tary works, and has given thus far promise of a successful issue. 

482. Stucco exposed to weather is sometimes covered with 
paint, or other mixtures, to give it durabihty. Coal tar has been 
tried, but without success in our climate. M. Raucourt do 
Charleville, in liis work TraiU des MortierSy gives the following 
compositions for protecting exposed stuccoes, which he states to 
succeed well in all climates, ror important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax. For common works, one part of linseed oil, one 
tenth of its weight of litharce, and two or three parts of resin. 

The surfaces must be Uiorouffhly dry before applying the 
compositions, which should be laid on hot with a brush. 

483. Repairs of Masonry, In effectinff repairs in masonry, 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaned off wherever it is injured along the 
surface where the junction is effected. The bond and other ar- 
rangements will depend upon the circumstances of the case ; the 
surtaces connected should be fitted as accurately as practicable, 
so that by using but httle mortar, no disunion may take place 
from settling. 

484. An expedient, very fertile in its applications to hydraulic 
constructions, has been for some years in use among the French 
engineers, for stopping leaks in walls and renewing the beds of 
foundations which have yielded, or have been otherwise removed 
by the action of water. It consists in injecting hydrauUc cement 
into the parts to be filled, through holes drillea through the ma- 
sonry, by means of a strong syringe. The instruments used for 
this purpose (Fig. 55) are usually cylinders of wood, or of cast 
iron ; the bore unifonn, except at tne end which is terminated 
with a nozle of the usual conical form ; the piston is of wood 
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and 18 driyen down by a heavy mallet. In using the syringe it 
is adjusted to the hole ; the hydraulic cement in a semi-fluid 




Fig. 55— Represents the arruicementB for itt- 
jecting hydraulic cement under a wall. 

A, section of the wall with yertical holes e, e 
drilled through it 

B, syringe and piston for ii^ecting the cement 
into the space C under the walL 



state poured into it ; a wad of tow, or a disk of leather being in- 
troduced on top before inserting the piston. The cement is 
* forced in by repeated blows on the piston. 

485. A mortar of hydraulic lime and fine sand has been used 
for the same purpose ; the lime being ground fresh from the kiln, 
and used before slaking, in order that by the increase of volume 
which takes place from slaking, it might fill more compactly all 
interior voids. The use of unslaked lime has received several 
ingenious applications of this character ; its after expansion may 
prove injurious when confined. The use of sand in mortar for 
mjections has by some engineers been condemned, as from the 
state of fluidity m which the mortar must be used, it settles to 
the bottom of the syringe, and thus prevents the formation of a 
homogeneous mass. 

486. Effects of Temperature on Masonry. Frost is the most 
powerful destructive agent against which the engineer has to 
guard in constructions of masonry. During severe winters in the 
northern parts of our country, it has been ascertained, by obser- 
vation, that the frost will penetrate earth in contact with walls to 
depths exceeding ten feet ; it therefore becomes a matter of the 
first importance to use every practicable means to drain thoroughly 
all the ground in contact with masonry, to whatever depths the 
foundations may be sunk below the sui&ce ; for if this precau- 
tion be not taken, accidents of the most serious nature may hap- 
pen to the foundations from the action of the frost. If water 
collects in any quantity in the earth around the foundatiousy ^ 
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may be necessary to make small covered drains under them to 
conrey it off, and to place a stratum of loose stone between the 
sides of the foundations and the surrounding earth to give it a 
free downward passage. 

Tt may be laia down as a maxim in building, that mortar which 
is exposed to the action of frost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a stronger Ught what has already been remarked, on the necessity 
of laying the foundations and the structure resting on them in hy- 
draulic mortar, to a height of at least three feet above the ground ; 
for, although the mortar of the foundations might be protected 
from the action of the frost by the earth around them, the parts 
immediately above would be exposed to it, and as those parts at- 
tract the moisture from the ground, the mortar, if of conmion 
lime, would not set in time to prevent the action of the frosts of 
winter. 

In heavy walls the mortar in the interior will usually be se- 
cured from the action of the frost, and masonry of this character 
might be carried on until freezing weather commences ; but still 
in all important works it will be by far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of frost. 

During the heats of summer, the mortar is injured by a too 
rapid drying. To prevent this the stone, or brick, should be 
thoroughly moistened before being laid ; and afterwards, if the 
weather is very hot, the masonry should be kept wet until the 
mortar gives mdications of setting. The top course should al- 
ways be well moistened by the workmen on quitting their work 
for any short period during very warm weather. 

The effects produced by a high or low temperature on mortar 
in a green state are similar. In the one case the freezing of the 
water prevents a union between the particles of the lime and 
sand ; and in the other the same anses from the water being 
rapidly evaporated. In both cases the mortar when it has set is 
weak and pulverulent. 
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487. Framing is the art of arranging beams of sobd materials 
for the various purposes to which they are applied in structures. 
A. frame is any arrangement of beams made lor sustaining strains. 

488. That branch of framing which relates to the combinations 
of beams of timber is denominated Carpentry, 

489. Timber and iron are the only materials in common use 
for frames, as they are equally suitable to resist the yarious 
strains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
farther advantage of being susceptible of receiving the most suit- 
able forms for strength without injury to the material ; while tim- 
ber, if wrought into the best forms for the object in view may, in 
some cases, be greatly injured in strength. 

490. The object to be attained in framing is to give, by a suit- 
able combination of beams, the requisite degree of strength and 
stiffness demanded by the character of the structure, united with 
a lightness and an economy of material of which an arrangement 
of a massive kind is not susceptible. To attain this end, the 
beams of the frame must be of such forms, and be so combined 
that they shall not only offer the greatest resistance to the efforts 
they may have to sustain, but shall not change their relative po- 
sitions from the effect of these efforts. 

491. The forms of the beams will depend upon the kind of 
material used, and the nature of the stram to which it may be 
subjected, whether of tension, compression, or a cross strain. 

492. The general shape given to the frame, and the combina- 
tions of the beams for this purpose, will depend upon the objeci 
of the frame and the directions in which the efforts act upon it. 

In frames of timber, for example, the cross sections of eacn 
beam are generally uniform throughout, these sections being 
either circular, or rectangular, as these are the only simple forms 
which a beam can receive without injury to its strength. In 
frames of cast iron, each beam may be cast into the most suitable 
form for the strength required, and the economy of the material. 

493. In combining the beams, whatever may be the general 
shape of the frame, the parts which compose it must, as far as 
practicable, present triangular figures, each side of the triangles 
being formed of a single beam ; the connection of the beams at 
the angular points, termed ihejointSy being so arranged that no 
yielding can take place. In all combinations, therefore, in which 
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the principal beams form polygonal figures, secondaiy beams 
must be added, either in the directions of the diagonals of the 
polygon, or so as to connect each pair of beams forming an angle 
of the polygon, for the purpose of preventing any change of form 
of the figure, and of giving the frame the requisite stiffness. 
These secondary pieces receive the general appellation of braces. 
When they sustain a strain of compression they are termed struts; 
when one of extension, ties, 

494. As one of the objects of a frame is to transmit the strain 
it directly receives to firm points of support, the beams of which 
it is formed should be so combined that this may be done in the 
way which shall have the least tendency to change the shape of 
the firame, and to fracture the beams. These conditions will 
be best satisfied by giving the principal beams of the frame a 
position such that the strains they receive shall be transmitted 
through the axes of the beams to the fixed supports ; in this man- 
ner there can be no tendency to change the shape of the frame, ex- 
cept so far as this may arise from the contractions, or elongations 
of the beams, caused by the strains ; and as all unnecessary 
transversal strains will in hke manner be avoided, the resistances 
offered by the beams will be the greatest practicable. 

495. Whenever these conditions cannot be satisfied, the strains 
on the firame should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
other ; and those oeams which, from being subjected to a cross 
strain, might be either in danger of rupture, or of being deflected 
to so great a degree as to injure the stabili^ of the frame, should 
be supported by struts abutting either agamst fixed supports, or 
against points of the frame where the pressure thrown upon the 
strut would have no effect in changing the shape of the frame. 

496. The points of support of a frame may oe either above, or 
below it. In the first case, the frame will consist of a suspended 
system, in which the polygon will assume a position of^ stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the firame, if oi a polygonal form, must satisfy 
the essential conditions already enimierated, in order that its state 
of equilibrium shall be stable. 

497. The strength of the frame and that of its parts, and their 
consequent dimensions, must be regulated by the strains to which 
they are subjected. When the form of the frame and the direc- 
tion and amount of the strain borne by it are given, the direction 
and amount of the strain which the different parts sustain can be 
ascertained by the ordinary laws of statics, and, from these data, 
the requisite dimensions and forms of the parts. 

498. The object of the structure will necessarily decide the 
genoral shape of the firame, as well as the direction of the strains 
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to which it will be subjected. An examination, therefore, of the 
frames adapted to some of the more usual structures will be the 
best course for illustrating both the preceding general principles, 
and the more ordin^ combinations of the beams and joints. 

499. Frames of Timber. These are composed either entirely 
of straight beams, or of a combination of straight beams and of 
arches formed by bending straight beams. 

Pieces of crooked timber are used either where the form of the 
parts requires them, or else where a strong connection is necessary 
between straight pieces that form an angle between them. 

500. As has already been stated, the cross section of each 
beam is generally uniform and rectangular. This will, in some 
cases, give more strenffth than the character of the strain resisted 
may demand ; and will, also, throw a greater amount of pressure 
on the points of support, than if beams of a form more stricdy 
adapted to the object in view were used : but it avoids cutting 
the fibres across the grain, or making, as it is termed, ^ain-cut 
beams, and thereby materially injuring the strength of tne piece. 
This objection, however, is only applicable to the parts of a frame 
fonned of single beams. Wherever several thicknesses of beams 
are required in the arrangement of any part, the advantage may 
be taken of giving the combination the most suitable form for 

, strength and lightness combined. 

501. Frames for Cross Strains. The parts of a frame which 
receive a cross strain may be horizontal, as the beams, ot joists of 
a floor; or inclined, as the beams, or rafters which form the inclined 
sides of the frame of a roof. The pressure producing the cross 
strain may either be uniformly distributed over the beams, as in 
the cases just cited, arising from the flooring boards in the one 
case, and the roof covering in the other ; or it may act only at one 
point, as in the case of a weight laid upon the beam. 

In all of these cases the extremities of the beam must be firmly 
fixed against immoveable points of support ; the lonser side of 
the rectangular section of tne beam should be parallel to the di- 
rection of the strain, on account of placing the beam in the best 
position for strength. 

If the distance between the points of support, or tlie hearing, 
be not great, the framing may consist simply of a row of parallel 
beams of such dimensions, and placed so far asunder as the strain 
borne may require. Wlien the beams are narrow, or the depth 



Fig. j6— Represents a cross section of horizontal beams a e 
braced by diagonal battens b. 



of the rectangle considerably greater than the breadth^ (Figl 6^;j 
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chert struts of battens may be placed at intervats between each 
pair of beams, in a diagonal direction, uniting the bottom of the 
one with the top of the other, to prevent the beams from twisting, 
or yielding laterally. , 

When 3ie bearing and strain are so gieat that a single beam 
will not present sufficient strength and stiffiiess, a combination 
of beams, termed a built beam, which may be solid, consisting 
of several layers of timber laid in juxtaposition, and firmly con- 
nected together by iron bolts and straps, — ror open, being mrmed 
of two beams, with an interval between them, so connected by 
cross and diagonal pieces, that a strain upon either the upper or 
lower beam will be transmitted to the other, and the whole system 
act under the efiect of the strain fike a solid beam. 

502. Solid built Beams. In firaming solid built beams, the 
pieces in each course (Fig. 57) are laid abutting end to end with 

Fig. 57— ReproBentB a solid built beam 
of three oounes, the pieces of 
each conne breaking joints and 
confined by iron hoops. 

a square joint between them, the courses breaking joints to form 
"a strong bond between them. The courses are firmly connected 
either by iron bolts, formed with a screw and nut at one end to 
bring the courses into close contact, or else by iron bands driven 
on tight, or by iron stirrups (Fig. 58) suitably arranged with screw 
ends and nuts for the same purpose. 



P u U I I 




Rg. 58— Repnseilts an iron stinup^or hi 
screws c which confine the cross piece ' 



a with nuts or female 
stirnip b. 



When the strain is of such a character that the courses would 
be liable to work loose and slide along their joints, the beams ot 
the different courses may be made with shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other ; or shallow rec- 



a@@g@@ 



Fig. 5»— Rep 



fjg. 5»— Represents a solid t>uilt 
beam of three courses airanged 
with indents and confined bj inn 
hoops. 




Fig. oa-Repnsents a solid built beam, the top pait being of two pieces 6, 6 which alMt 
against a broad flat iron boil a, temied a king^ Ml. 

tangolar notches (Fig. 61) may be cut across each beam, being 



172 rRAMiifo. 

•o placed as to receive blocks, or keys of hard wood. The kejn 
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Fig. 61— RepnMntB a nlid boill 
beam with keys 6, ^ of haid «<NQ 



— between the ooonea. 



are sometimes made of two wedge-shaped pieces, (Fig. 62,) for 



I 




/ Fiff. a»— RepneeotB the keys in the fenn cf 
\ double, ot folding wedges a, h let into a ■hat- 
S^ low notch in the Deamc. 



the purpose of causing them to fit the notches more closely, and 
to admit of being driven tight upon any shrinkage of the woody 
fibre. 

The joints between the courses may be left slightly open 
without impairing in an appreciable degree the strength of the 
combination. Tnis is a good method in beams exposed to mois- 
ture, as it allows of evaporation from the free circulation of the 
air through the joints. Felt, or stout paper saturated with min- 
eral tar, has been recommended to secure the joints from the 
action of moisture. The prepared material is so placed as to 
occupy the entire surface of the joint, and the wnole is well 
screwed together. 

503. Open buUt Becans, In framing open built beams, the 
principal point to be kept in view is to form such a connection 
between the upper ana lower solid beams, that they shall be 
strained unifornary by the action of a strain at any point between 
the bearings. This may be effected in various ways, (Fig. 63.) 

Fig. 63— RepresentB an open 
built beam; A and B aie 
the top and bottom raib or 
BtringB ; a. a, cron piecee, 
either nngfe or in pain; h, 
diagonal braces in pain; c, 
single diagonal braees. 

The upper and lower beams may consist either of single beams, 
or of solid built beams ; these are connected at regular intervals 
by pieces at right angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of aU the 
parts of the frame will be preserved, and the strain at any point 
will be brought to bear upon the intermediate points. 

Two of the best known applications of this combination, when 
timber alone is used, are those of Colonel Long, of the U. S. 
Topographical Engineers, and of the late Mr. Town. 

504. That of Colonel Long (Fig. 64) consists in forming both 
the upper and lower beams, termed by the inventor the strings^ 
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jf three parallel beams, sufficient space being left between the 
o^ie in the centre and the other two to insert tiie cross pieces, 




Fig. (M^Reprassnts a paneA of Loiw's tnm. 

A and B, top and bottom stringB ofthree ooonea. 

C, C, posts in paire. 

D, braces in paixs. 

E, oonnler brace single. 

a, a, mortises where jibs and keys are inserted 

F, jib and key of haiti wood. 

termed the posts ; the posts consist of beams in pairs placed at 
suitable intervals along the strings, with which they are connected 
by wedge blocks, termed jibs and keys, which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
sponding shallow notch cut into each post. A diagonal piece, termed 
a brace^ connects the top of one post with the foot of the one ad- 
iacent by a suitable joint. Another diagonal piece, termed the 
counter-brace^ is placed crosswise between the two braces and 
their posts, with its ends abutting against the centre beam of the 
upper and lower strings. The counter-braces are connected 
with the posts and braces by wooden pins, termed tree-nails. 

In wide bearings, the strings will require to be made of several 
beams abutting end to end ; in this case the beams must break 
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>oints, and short beams must be inserted between the centre. and 
exterior beams wherever the joints occur, to strengthen them. . 

The beams in this combination are all of uniform cross section, 
the joints and fastenings are of the simplest kind, and the parts 
are well distributed to call into play the strength of the stnngs, 
and to produce unifonn stiffness and strain. 

605. The combination of Mr. Town (Fig. 66) consists in tw« 




Fix. tt^RapreaentB an eleraticQ A, and end litm 
B, of a portion of Town's tnuB. 

a, a, top strings. 

b, b, bottom Kiings. 

c, c, diagonal braces. 



main strings, each formed of two or three parallel beams of two 
thicknesses breaking joints. Between the parallel beams are in- 
serted a series of diagonal beams crossing each other. These 
diagonals are connected with the strings and with each other by 
tree-nails. When the strings are formed of three parallel beams, 
diagonal pieces are placed between the centre and exterior beams, 
and two mtermediate strings are placed between the two courses 
of diagonals. 

This combination, commonly known as the lattice truss, is of 
very easy mechanical execution, the beams being of a unifonn 
cross section and length. The strains upon it are borne by the 
tree-nails, and when used for structures subjected to variable 
strains and jars, it loses its stiffness and sags between the points 
of support. It is more recommendable for its simphcity than 
scientific combination. 

606. A third method, called after the patentee, How^s truss, 
has within a few years come into general notice. It consists of 
(Fig. 66) an upper and lower strinff, each formed of several thick- 
nesses of beams placed side by side and breaking joints. On the 
upper side of the lower string and the lower side of the upper, 
blocks of hard wood are inserted into shallow notches ; the blocks 
are bevelled off on each side to form a suitable point of support, 
or step for the diagonal pieces. One series of the diagonal pieces 
are arranged in pan's, the others are single and placed between 
those in pairs. Two strong bolts of iron, which pass through 
the blocks, connect the upper and lower strings, and are arranged 
with a screw cut on one end and a nut to draw the parts closely 
loffether. 

This combination presents a judicious arrangement of the parts 
The blocks give abutting surfaces for the braces superior to those 



FRAMING. 



175 



obtained by the ordinaiy fonxis of joint for this purpoae. The 
bolts replace advantageously the timber posts, and in case of the 




Fig. 66— Repntenli 
an elevation of a 
poitian of Howe's 

b, bottom fltrino. 

c, c, diagonal oraoei 
inpaixB. 

df nngle braces. 

e, e, steps of hard 

wood for braces. 
/,/, iron rods with 

nuts and scnws. 



frame working loose and sagging, their arrangement for tighten- 
ing up the parts is simple and efficacious. The timber of each 
string is not combined to give as great strength as its cross sec- 
tion is susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber oflfers the greatest 
resistance, has received a greater cross section than that of the 
upper. 

The preceding combinations have been applied generally in 
our country to bridges. In this application, the timber support- 
ing the roadway of the bridge is usually placed on the lower 
strings ; two, tm^ee, or four built beams being used, as the case 
may require, for supporting the transverse beams under the road- 
way, the centre beams leaving an equal width of roadway between 
them and the exterior beams. 

607. Framing for intermediate Supports, Beams of ordinary 
dimensions may be used for wide bearings when intermediate 
supports can be procured between the extreme points. 

The simplest and most obvious method of effecting this is to 
place upright beams, termed props, or shoresy at suitable intervals 
under toe supported beam. 

When the props would interfere with some other arrangement, 
and points of support can be procured at the extremities below 
those on which the beam rests, inclined struts (Fig. 67) may be 
used. The struts must have a suitably formed step at the foot, 
aitti be connected at top with the beam by a suitable joint. 

In some cases the oearing may be diminished by placing on 
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fig. 67— Ra p wK n ti a hotnontal bMm Ci 
ported near the mkldld bj indiiiad ill 



the points of support short pieces, termed corbels^ (Fig. 68,) and 
supporting these near their ends by struts. 





Fig. as— Repraenla a 
boriaoDtal beam c fliip- 
ported bjr TerticaliMil 
a, a, with corbel pie 
emdfd and indined 

itnitB c, c to 4 

the beenng. 



In Other cases a portion of the beam, at the middle, may be 
strengthened by placmg under it a short beam, called a straining 
beamy (Fig. 69,) against the ends of which the struts abut. 





Fig. 69— Repneenli a 
horiaonta] beam e^ 
■treni^eiied by a 
-._• — ^ beam /and 
■truta e, e. 



y^ itreiii^e 
X/ elraining 
X inclinedi 



Whenever the bearing may reouire it the two preceding ar^ 
rangements (Fig. 70) may be used in connection. 






E.g. 70— Re. 

praflente a 
combinatioB 

of Fi«L 66 

and 69. 



In all combinations with struts, a lateral thrust will be thrown 
on the point of support where the foot of the strut rests. This 
strain must be provided for in arranging the strength of the sup- 
ports. 

508. When intermediate supports can be procured only above 
the beam, an arrangement must be made wmch shall answer the 
purpose of sustaining the beam at its intermediate points by sus- 
pension. The combination will depend upon the number of in- 
termediate points required. 



FRAMING. 



177 



When the beam requires to be supported only at the middle, 
it may be done by placing two inchned pieces, resting on the 
beam at its extremities, and meeting under an angle above it, 
from which the middle of the beam can be suspended by a rod of 
iron, or by another beam. If the suspending piece be of iron, it 
must be arranged at one end with a screw and nut. When the 
support is of tunber, a single beam, called a kingpost, (Fig. 71,) 



Fk . 71— RenreeentB a 
norisontal beam e 
supported at Hb mid- 
dle by a king poit 




«•« 



may be used, against the head of which the two inclined pieces 
may abut ; the foot of the post is connected with the beam by a 
bolt, an iron stirrup, or a suitable joint. Instead of the ordinary 
kinff post, two beams may be used ; these are placed opposite to 
each other and bolted together, embracing between them the sup- 
ported beam and the heads of the inclined beams which fit into 
shallow notches cut into the supporting beams. Pieces arranged 
in this manner for suspending portions of a frame receive the 
name of suspension pieces, or bridle pieces. 

When two intermediate points of support are required, they may 
be obtained by two inclined pieces resting on the ends of the 
beam and abutting against the extremities of a short horizontal 
straining beam, (Fig. 72.) The suspension pieces in this case 



Fig. 79— Repreeents a beam 
e mpported at two pointt 
by poite *-, ^ suspended 
mm the ftruts e, e and 
■traininff beam A. 



may be either posts, termed queen posts, arrantj^'d like a kin^ 
post, iron rods, or bridle pieces. Tnis combination may be used 
lor very wide bearings, (Fig. 73,) by suitably increasing the num- 
ber of inclined pieces and straining beams. 

Some of the preceding combinations may be used for support- 
ing one end of a beam subjected to a cross strain when the other 
has a fixed point of support. This may be done either by an in- 
clined strut beneath, or an inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted to- 
gether and embracing the beam. 
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Fig. 73— ReproMiits a beam c smpeDdad tnm. a oombinatioa of utrats and 
■training beama by ports ^, g. 

509. The classifications under the two preceding heads reprc* 
sent the principal combinations of straight beams applied to the 
purposes of framing. The frame of an ordinary roof presents one 
of the simplest combinations by which the action of the different 
parts of a frame may be illustrated. 

A roof of the ordinary form consists of two equally inclined 
sides of metal, slate, or other material, which is attached to a 
covering of boards that rests upon the iframe of the roof. The 
frame consists of several vertical ftwnes, termed the trusses of 
the roof, which are placed parallel to and at suitable intervals 
from each other ; these receive horizontal beams termed in/r/tn*, 
which rest upon them and are placed at suitable intervals apart, 
and upon the purlins are placed inclined pieces termed the long 
rafters^ to which the boards are attached. 

The truss of a roof, for ordinary bearings, consists (Fig. 74) 




Fig. 74— Refireeents a roof tnus for mediam q>ane. 

a,tiebeanioftri»i. 

h, b. principal raflera ftamed into tie beam and the king pott e, and confined at 

their foot by an iron strap. 
if, <f , struts. 
e, e, purlins supporting the common rafleis/,/. 

of a horizontal beam termed the tie beam, with which the inclined 
beams, termed the principal rafters, are connected by suitable 
joints. The principal rafters may either abut against each other 
at the top, or ridge, or against a king post. Inclined struts are 
in some cases placed between the principal rafters and king post, 
with which they are connected by suitable joints. 

For wider bearings the short rafters (Fig. 75) abut against a 
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Btnuning beam at top. Queen posts connect these pieces with 
the tie beam A king post connects the straining b^am with the 

fig. 75— RepnBents a roof triMi for wids 

■paiM. 
a, fie beam. 
6, fr, principal rafteis. 
c,.ahoirt raflera abutting against tlie atrain- 

ing beam d. 
e and/, king and queen posts in pain. 
fft g% purlins supporting coounon laf- 

ten*. 

top of the short rafters ; and struts are placed at suitable points 
between the rafters and king and queen posts. 

In each of these combinations tne weight of the roof covering 
and the frames is supported by the points of support. The prin- 
cipal rafters are subjected to cross and longitudinal strains, arising 
from the weight of the roof covering and from their reciprocal ac ■ 
tion on each other. These strains are transmitted to the tie beam, 
causing a strain of tension upon it. The struts resist the cross 
strain upon the rafters and prevent them from sagging ; and the 
king ana queen posts prevent the tie and straining beams from sag- 
ging and give points of support to the struts. The short rafters 
and straining beam form points of support which resist the cross 
strain on tlie principal rafters, and support the strain on the queen 
posts. 

610. Wooden Arches. A wooden arch may be formed by 
bending a single beam (Fig. 76) and confining its extremities to 



Fig. 7&— Represents a horizontal 
beam c supported at its middle 
point by a bent beam h. 



prevent it from resuming its original shape. A beam in this state 
presents greater resistance to a cross strain than when straight, 
and may be used with advantage where great stiffness is required, 
provided the points of support are of sufficient strength to resist 
the lateral thrust of the beam. This method can be resorted to 
only in narrow bearings. 

For wide arches acurved built beam must be adopted ; and 
for this purpose a solid, (Figs. 77 and 78,) or an open built beam 
may be used, depending on the bearing to be spanned by the 
arch. In either case the curved beams are built in the same 
manner as straight beams, the pieces of which they are formed 
being suitably bent to conform to the curvature of the arch, which 
may be done either by steaming the pieces, by mechanical power> 
or by the usud method of softening the woody fibres by keeping 
the pieces wet while subjected to me heat of a light blaze. 
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Fig. 77— ReprMsnts a wooden arch A formed of a wUd built beam of 
three coonee which support the beama c, c fc^ the pogia ^,# which 

mrwk fnmrMMl at niAAMi in r«»ii« 



are formed of pieoea in pain. 
^, *. inclined ntnita to ttiengthen the arch bf relierinff it of a part of 
the load on the beama e, e. 




Fig. 78— Repreeente a wooden arch of a solid built beam A which 
supports the honzontal beam B by means of the nosis a, a. The 
arch IS let mto tlie beam B which acts as a tie to confine its 
extremities. 

Wooden arches may also be formed by fastening together sev- 
eral courses of boards, giving the frame a polygonal form, (Fig. 
79,) corresponding to the desired curvature, and then shaping the 



Fig. 7S^Repre8ents an elevation A of a 
wooden arch formed of sliort piece* a, 6 
which abut end to end and break joints. 

B represents a perspective view of this 
combination, showing the manner in 
which the parts are Iceyed together. 



outer and inner edces of the arch to the proper curve. Each 
course is formed of boards cut into short lengths, depending on 
the curvature required ; these pieces abut end to end, the joints 
being in the direction of the radii of curvature, and the pieces 
composing the different courses break joints with each other. 
The courses may be connected either by jibs and keys of hard 
wood, or by iron bolts. This method is very suitable for all 
light frame work where the pressure borne is not great. 

Wooden arches are chiefly used for bridges and roofs. They 
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senre as mtermediate points of support for the framing on which 
Uie roadway rests in the one case, and the roof covering in the 
other. In bridffes the roadway may lie either above the arch, or 
below it ; in either case vertical posts, iron rods, or bridles con- 
nect the horizontal beams with the arch. 

511. The greatest strain in wooden arches takes place between 
the crown and springing line ; this part should, therefore, when 
practicable, be relieved of the pressure that it would directly re 
ceive from the beams above it by inclined struts, so arranged as 
to throw this pressure upon the lateral supports of the arch. 

The pieces which compose a wooden arch may be bent into 
any curve. The one, however, usually adopted is an arc of a 
circle, as the most simple for the mechanical construction of the 
framing, and presenting all desirable strength. 

612. Centres. The wooden frame with which the voussoirs of 
an arch are supported while the arch is in progress of construe 
tion is termed a centre. 

A centre, like the frame of a roof, consists of a number of 
vertical frames (Figs. 80, 81, 82, 83) termed trusses, or ribs, 
upon which horizontal beams, termed bolsters, are placed to re- 
ceive the voussoirs of the arch. 

The curved, or back pieces of a centre on which the bolsters 
rest consist of beams cut into suitable lengths and shaped to the 
proper curvature ; these pieces abut end to end, the joints between 
them being in the direction of the radii of curvature ; the joints 
are usually secured by short pieces, or blocks placed under the 
abutting ends to which the back pieces are bolted. The blocks 
form abutting surfaces for shores, or inclined struts seated against 
firm points of support below the back pieces. To prevent the 
shores, or the struts from bending, braces, or bridles, which are 
usually formed of two pieces, each with shallow notches cut into 
them, are added, and embrace between them the shores, or struts, 
the whole being firmly connected with iron bolts. 

The combinations used for the frames of centres will depend up- 
on the position of the points of support and the size of the arches. 



F^f . 80— Reprannts the rib of a eeotn 

lor liffht arches, 
a, a, rib fonned as in Fig. 79. 
bt b, bolster pieces which leosiT* the 




613. For small hght arches (Fig. 80) the ribs may be fonned 
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of two or more thicknesses of short boards, firmly nailed together ; 
the boards in each course abutting end to end by a joint in the 
direction of the radius of curvature of the arch, and breaking 
joints with those of the other course. The ribs are shaped to 
the form of the intrados of the arch, to receive the bolsters, which 
are of battens cut to suitable lengths and nailed to the ribs. 

614. For heavy arches with wide spans, when firm interme- 
diate points of support can be procured between the abutments, 
the back pieces (Fig. 81) may be supported by shores placed 

FS^. 81— Represents the 
nb of a centre with 
intermediate points of 
sapport. 

«, back pieces of the rib 
which receive the bol- 
sters/. 

b, b, struts which sop- 
poit the back pieces. 

e« e, braces. 

c, solid beam resting on 
the intermediate rap- 
ports d, d which re- 
ceive the ends of the 
struts b, b, 

under the blocks in the direction of the radii of curvature of the 
arch, or of inclined struts (Fig. 82) resting on the points of sup- 





Fig. 8S— Represents a part of the rib of Grosvenor Bridge over the Dee at Chester. 

Span SOO feet. 
A, A, intermediate points of support. 

«, 0, a, struts resting upon cast iron sockets on the supports A. 
bt bf two courses of plank each 4i inches thick bent over the stints a, a to the form o^ 



the arch, the courKS breaking joints, 
p, foMing wedges laid upon the Sack 
which the voussoin are laid. 



pieces b of each rib to receive the bdlsten on 



port. The shores, or struts, are prevented firom bending by braces 
luitably j^lacted for the purpose. 
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515* If intermediate points of support cannot be obtained, a 
broad framed support must be made at each abutment to receive 
the extremities of the struts that sustain the back pieces. The 
framed support (Fig. 83) consists of a heavy beam laid either 




Fif . ga-^Re pr ea e nta a part of a rib of Waterloo Bridge over the Thames. 

«, «, and b, three heavf beams, forming the Hriking platet^ which with the shores A, h 

form tlie framed support for the struts of the c^tie. 
e, €. stmts abutting against the blocks m^ g placed under the Joints of the back pieces/, /. 
tf, tf , bridle or radial pieces in pain which are confined at top and bottom between the 

horizontal ties n, n of the nbs, also in pairs, 
e, e, cast iron sockets. 
m, m, bolsters of the centre resting on the back pieces/. 

horizontally, or inclined, and is placed at that joint of the arch, 
(the one which makes an angle of about 30° with the horizon,) 
where the voussoirs, if unsupported beneath, would slide on their 
beds. This beam is borne by shores which find firm points of 
support on the foundations of the abutment. 

The back pieces of the centre (Fig. 83) may be supported by 
inclined struts which rest immediately upon the framed support, one 
of the two struts under each block resting upon one of the framed 
supports, the other on the one on the opposite side, the two stmts 
being so placed as to make equal angles with the radius of cur- 
vature of the arch drawn through the middle point of the block. 
Bridle pieces, placed in the direction of the radius of curvature, 
•mbrace the blocks and struts in the usual manner, and prevent 
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the latter from sagging. This combination presents a figure ct 
invariable form, as the strain at any one point is received by the 
stmts and transmitted directly to the fixed points of support. It 
has the disadvantage of requiring beams of^great length when the 
span of the arch is considerable, and of presenting frequent cross* 
ing of the struts where notches will be requisite, and the strength 
of the beams thereby diminished. 

The centre of Waterloo Bridge over the Thames (Fig. 83) was 
framed on this principle. To avoid the inconveniences resulting 
from the crossing of the struts, and of building beams of sufficient 
length where the struts could not be procured from a single beam, 
the device was imagined in this work of receiving the ends of 
several struts at the points of crossing into a large cast-iron socket 
suspended by a bridle piece. 

516. When the preceding combination cannot be employed, a 
strong truss, (Fig. 84,) consisting of two inclined stmts resting 



Fis. 64 — Representa a 
frame for a rib in which 
the two inclined struts 
b, b and the straining 
beanw c form interme- 
diate supports for some 
of the struts that support 
the back pieces a, a. 

« and d are the framed ex- 
treme supports. 



upon the framed supports, and abutting at top against a straining 
beam, may be formed to receive the ends of some of the struts 
which support the back pieces. This combination, and all of a 
like character, require tnat the arch should not be constructed 
more rapidly on one side of the centre than on the other, as any 
mequaUty of strain on the two halves of the centre would have a 
lenaency to change the shape of the frame, thmsting it in the 
direction of the greater strain. 

517. Means used for striking Centres. When the arch is 
completed the centres are detached from it, or stmck. To effect 
this in large centres an arrangement of wedge blocks is used, 
termed the striking plates, by means of which the centre may be 
gradually lowered and detached from the soffit of the arch. This 
arrangement consists (Fie. 83) in forming steps upon the upper 
surface of the beam which forms the framed support to receive a 
wedge-shaped block, on which another beam, having its under 
surface also arranged with steps, rests. The stmts of the rib 
either abut against the upper surface of the top beam, or else are 
inserted into cast-iron sockets, termed shoe-plates, fastened to 
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this Buiface. The centre is struck by driving back the wedge 
block. 

518. When the struts rest upon intermediate supports between 
the abutments, double, or folding wedges may be placed under 
the struts, or else upon the back pieces of the nbs under each bol- 
ster. The latter arrangement presents the advantage of allowing 
any part of the centre to be eased from the soffit, mstead of de- 
taching the whole at once as in the other methods of striking 
wedges. This method was employed for the centres of Grosve- 
nor Bridge, (Fig. 82,) over the river Dee at Chester, and was 
perfectly successful both in allowing a gradual settling of the arch 
at various points, and in the operation of striking. 

619. Ties and Braces for detached Frames. When a series 
of frames concur to one end, as, for example, the main beams of 
a bridge, the trusses of a roof, ribs of a centre, &c., they require 
to be tied together and stiffened by odier beams to prevent any 
displacement, and warping of the frames. For this purpose beams 
are placed in a horizontal position and notched upon each frame 
at suitable points to connect the whole together ; while others are 
placed crossing each other, in a diagonal direction, between each 
pair of frames, with which they are united by suitable joints, to 
stiffen the frames and prevent them from yielding to a?iy lateral 
effort. Both the ties and the diagonal braces may be either of 
single beams, or of beams in pairs, so arranged a? to embrace 
between them the parts of the frames with which they are con- 
nected. 

520. Joints. The form and arrangement of joints will depend 
upon the relative position of the beams joiped, and the object of 
the joint. 

Joints may be required for various purposes, either to connect 
the ends of beams of which the axes are in the same right line, 
jr make an angle between them ; or the end of one beam with 
the face of another ; or where the face of one beam rests upon 
that of another. 

In all arrangements of joints, the axes of the beams connected 
should lie in the same plane in which the strain upon the frame 
acts ; and the combination should be so arranged that the parts 
will accurately fit when the frame is put together, and that any 
portion may be displaced without disconnecting the rest. The 
simplest forms most suitable to the object in view will usually be 
found to be the best, as offering the most facility in obtaining an 
accurate fit of the parts. 

In adjusting the surfaces of the joints, an allowance should be 
made for any settling in the frame which may arise either from 
the shrinking of the timber in seasoning while in the frame, or 
from tbe fibres yielding to the action of the strain. This is done 
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by leaving sufficient play in the joints when the frame is first set 
up, to admit of the parts coming into perfect contact when the 
frame has attained its final settling. Joints formed of plane sur- 
faces present more difficulty in tms respect than curved joints, as 
the bearing surfaces in the latter case will remain in contact 
should any slight change take place in the relative positions of 
the beams from settling ; whereas in the former a slight settHn^ 
might cause the strains to be thrown upon a comer, or edge of 
the joint, by which the bearing surfaces might be crushed, and 
the parts of the frame work wrenched asunder firom the leverage 
which such a circumstance might occasion. 

The surface of a joint subjected to pressure should be as great 
us practicable, to secure the parts in contact from being crushed 
by the strain ; and the surface should be perpendicular to the 
direction of the strain to prevent sliding. 

A thin sheet of wrought iron, or lead, may be inserted between 
the surfaces of joints where, from the magnitude of the strainy 
one of them is liable to be crushed by the other, as in the case 
of Uie end of one beam resting upon the face of another. 

521 . Folding wedges, and pins, or tree^nails, of hard wood are 
used to bring the sunaces of joints firmly to their bearings, and 
retain the parts of the frame in their places. The wedges are in- 
serted into square holes, and tlie pins into auger-holes made 
through the parts connected. As the object of these accessories 
is simply to bring the parts connected into close contact, they 
should be carefully driven in order not to cause a strain that 
mi^t crush the fibres. 

To secure joints subjected to a heavy strain, bolts, straps, and 
hoops of wrought iron are used. These should be placed in the 
best direction to counteract the strain and prevent the parts from 
separating ; and wherever the bolts are requisite they should be 
inserted at those points which will least weaken the joint. 

522. Joints of Beams united end to end. When the axes of 
the beams are in the same right line, the form of the joint will 
depend upon the direction of the strain. If the strain is one of 
compression, the ends of the beams may be united by a square 
joint perpendicular to their axes, the joint being secured (Fig. 85) 
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Fig. 85— Repiwentfl Uie mauner in which the end joint of two beanw a and b m 
or secured by side pieces c mnd d bolted to them. 

by four short pieces so placed as to embrace the ends of the 
beams, and being iastenea to the beams and to each othmc kft 
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bolts. This arrancement, tenncd fishing a beam^ is used onlj 
for rough' work. It may also be used when the strain is one of 
extension ; in this case the short pieces (Fig. 86) may be notched 
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Fig. 86— Represents a fished joint in which the side piecee e and d are either let inio 
the beams or eecnrod by keys «, e. 

upon the beams, or else keys of hard wood, inserted into shallow 
notches made in the beams and short pieces, may be employed 
to give additional security to the joint. 

A joint termed a scarf m^y be used for either of the foregoing 
purposes. This joint may be formed either by halving the beams 
on each other near their ends, (Fig. 87,) and securing the joints 




Fig. 87— Represents a scarf Joint secured by Iron irfates e, c, keys tf , d^ and bolts. 



by bolts, or straps ; or else by so arranging the ends of the two 
beams that each shall fit into shallow triangular notches cut into 
the other, the joint being secured by iron hoops. This last 
method is employed for round timber. 

523. When beams united at their ends are subjected to a cross 
strain, a scarf joint is generally used, the under part of the joint 
being secured by an iron plate confined to the beams by bolts. 
The scarf for this purpose may be formed simply by halvinff the 
beams near their ends ; but a more usual and better form (Fig, 




ng.88— Represents a scarf joint for a crass strain secured at bottom by a piece ^ 
of timber e confined to the beams by iron hoops d^ d and keys e, e. 

88) is to make the portion of the joint at the top surface of the 
beams perpendicular to their axes, and about one third of their 
depth ; tlie bottom portion being oblique to the axis, as well as 
thepoition joining tnese two. 

When the beams are subjected to a cross strain and to one of ex- 
tension in the direction of their axes, the form of the scarf must be 
suitably arranged to resist each of these strains. The one shown 
in Rg. 89 is a suitable and usual form for these objects. A folding 
wedge key of hard wood is inserted into a space left between tha 
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parts of the joint which catch when the beams are drawn apait 
The key serves to bring the surfaces of the joints to their bear- 




Fig. 80— R«prMento a Maif ioiiit ainuifed to rent a enm itmiii mod one ol 
extension. Ttie bottom of the Joint m noiired by an irao plate confined by 
bolts. The roldin^ wedise key insetted at e serves to bring all the ooifaoea 
of the Joints to their hwinngs. 

mgs, and to form an abutting surface to resist the strain of exten- 
sion. In this form of scarf the surface of the joint which abuts 
against the key will be compressed ; the portions of the beams 
just above and below the xey will be subjected to extension. 
These parts should present the same amount of resistance, or 
have an equality of cross section. The length of the scarf should 
be regulated by the resistance with which the timber employed 
resists detrusion compared with its resistance to compression and 
extension. 

524. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one beam 
at the end, and shaping the end of the other to fit into it. 

525. Jointsfor connecting the end of one beam with the face 
of another. The joints used for this purpose are termed mortise 
and tenon joints. Their form will depend upon the an^le be- 
tween the axes of the beams. When the axes are perpendicular 
the mortise (Fig. 90) is cut into the face of the beam, and the end 
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Fig. 00— Represents a mortise wpd te 
joint when the axes of the beams 
perpendicular to each other. 

a, tenon on the beam A. 

bf mortise in the beam B. 

c, pin to hold the parts togellMr. 
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of the other beam is shaped into a tenon to fit the mortise. When 
the axes of the beams are oblique to each other, a triangular notch 
(Fig. 91) is usually cut into the face of one beam, the sides of the 
notch being perpendicular to each other, and a shallow mortise is 
cut into the lower surface of the notch ; the end of the other beam 
is suitably shaped to fit the notch and mortise. 
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Tenon and mortise joints have received a variety of form$. 
The direction of the strain and the effect it may produce upon 



Fig. 91— RepraKnto a mortise and tenon 
joint when the axes of the beams 
are oblique to each other. A notch 
whose surfaces ab and be are at richt 
angles is cut into the beam B and la 
sliallow moitise d is cut below the sur- 
face be. The end of the beam A is ar- 
ninged to fit the notch and mortise in 
B. The Joint is secured by a screw 
bolt 



the joint must in all cases regulate this point. In some cases the 
circular joint may be more suitable than those forms which are 
plane surfaces ; in others a double tenon may be better than the 
simple joint. 

526. Tie joints. These joints are used to connect beams 
which cross, or lie on each other. The simplest and strongest 
form of lie joint consists in cutting a notch in one, or both of the 
beams to connect them securely. But when the beams do not 
cross, but the end of one rests upon the other, a notch of a tra- 
pezoidal form (Fig. 92) may be cut in the lower beam to receive 





7 Fig. 09— Raprasents an ordinaiy dove4ail Joint 
▲ V qy a pin at e. 



the end of the upper, which is suitably shaped to fit the notch. 
This, from its shape, is termed a dovc'tail joint. It is of fre- 
quent use in joinery, but is not suitable for heavy frames where 
the joints are subjected to considerable strains, as it soon becomes 
loose from the shrinking of the timber. 

627. Iron Frames. Cast and wrought iron are both used for 
frames. The former is most suitable where great strength com* 
bined with stiffness is required ; the latter for light frames and 
wherever the strains act mainly as tensions. 

In iron frames the same general principles of combination are 
applicable as in those of timber, and they admit of the same clas- 
sification as frames of the latter material. 

Cast iron is most easily wrought into the best forms for 
strength. The dimensions of tlie pieces must, however, be ror 
stricted within certain practical Umits, both on account of the 
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labor and expense attendant upon the casting and handling oi 
heavy pieces, and Uie difficulty of procuring them of uniform 
quality when of large size. In arranging the component parts of 
an iron frame, uniformity in the shape and dimensions is requi- 
site both for economy and perfection of workmanship ; and as fax 
as practicable, the bulk of the different parts of each piece should 
be the same^ in order to avoid the dangers arising from unequal 
shrinking in coohng« 

Wrought iron may be hammered, or rolled into the most suit- 
able forms for strength, but for frames bars of a rectangular sec- 
tion are mostly used. 

The joints m both cast and wrought iron frames are made upon 
the same principles as in those of timber, the forms being adapted 
to the nature of^ the material ; they are secured by wrought iron 
wedges, keys, bolts. See, 

528. Frames for Cross Strains. Solid beams of cast iron, 
moulded into the most suitable forms for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearings are of a medium width. Solid wrought 
iron beams can be used with economy for the same purposes 
only for short bearings. 

529. Open cast iron beams aro seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are frequently 
used in structures. They may be formed of a top and bottom rail 
connected by diagonal pieces, forming the ordinary lattice ar- 
rangement ; or a piece bent into a curved form may be placed 




Fie. 93— ReiveMUti an opoi 
beftm of wrought inm cooMt- 
ingofa top and bottom raO« 
and 6. with an intermediato 
curved inece, the whole aecored 
by the pieon e, c in pain bolted 
to them. 

d, e, and / repieaent the paite of a 
tnuB of a curved light roof, con- 
nected with theopen beam ; and 
abo the manner in whiefa tfa« 
whole are seemed to the wall. 



between the rails, or any other suitable combination (Fig. 93) 
may be used which combines Hghtness with strength and stimiess. 
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• 530. Iron Arches. Cast iron arches may be used for the same 
objects as those of timber. The frames for tl^ese purposes con- 
sist of several parallel ribs of uniform dimensions which are cast 
into an arch form, the ribs being connected by horizontal ties, 
and stiflfened by diagonal braces. The weight of the superstruc- 
ture is transmitted to the curved ribs in a variety of ways ; most 
usually by an open cast iron beam, the lower part of which is so 
shaped as to rest upon the curved rib, and the upper part suitably 
formed for the object in view. These beams are also connected 
by ties, and stiffened by diagonal braces. 

Each rib, except for narrow spans, is composed of several 
pieces, or segments, between each pair of which there is a joint 
m the direction of the radius of curvature. The forms and di- 
mensions of the segments are uniform. The segments t re usually 
either solid, (Fig. 94,) or open plates of uniform thickness, having 

b 



Fig. 94-R«p> 
reieDtta por- 
tion of a cail 
iran plate 
arch with an 
open cast inn 
beam. 

A.A.segmenti 
of the arch. 

B, B. panels 
of the open 
beam con- 
nected at the 
Joints 06. 



a flanch of uniiiorm breadth and depth at each end, and on the 
entrados and intrados. The flanch serves both to give strength 
to the segment and to form the connection between the segments 
and the parts which rest upon the rib. 

The ribs are connected by tie plates which are inserted be- 
tween the joints of the segments, and are fastened to the segments 
by iron screw bolts which pass through the end flanches of the 

Sxients and the tie plate between them. The tie plates may be 
er open, or solid ; the former being usually preferred en ac- 
count of their superior lightness and cheapness. 

The frame work of the ribs is stiffened by diagonal pieces 
which are connected cither with the ribs, or the tie plates. The 
diagonal braces are cast in one oiece, the arms being ribbed, or 
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feathered^ and tapering from the centre towards the ends in a 
suitable manner to give lightness combined with strength. 

The open beams (Fig. 94) which rest upon the curved ribs are 
cast in a suitable number of panels ; the joint between each pair 
being either in the direction of the radii of the arch, or else verti- 
cal. These pieces are also cast with flanches, by which they are 
connected together and with the other parts of the frame. The 
beams, like the ribs, are tied together and stiffened by ties and 
diagonal braces. 

Beams of suitable forms for the purposes of the structure are 
placed either lengthwise, or crosswise upon the open beams. 

531. Curved ribs of a tubular form have, withm a few years 
back, been tried with success, and bid fair to supersede the or- 
dinary plate rib, as with the same amount of metal they combine 
more stren^h than the flat rib. 

The application of tubular ribs was first made in the United 





Fig. M— Represents a side view A, and a cross section and end view B thnmgh a 

liiece or the tubular arch of Major Delafield. 
a, a, (Pig. A) a side view, and (Fig. B) an end view of the elliptical flanchet of the « 

of each segment. 
6, 6, shouldera, or ribs to strengthen the flanches against lateral strains, 
r, tie plate between the ribs. 



fj (Fig. B j side view of the rim of the tie-plate fitted to the interior of the tube 
«. d^ (Figs. A and B) saddle pieces to receive the open beams of a form tk 



M, which rest on tlie tubular ribs. 
e, oroBB section of the rib through the saddle piece. 
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&%ates by Major Delafield of the U. S. Corps of Engineers, in an 
arch for a bridge of 80 feet span. Each rib was formed of nine 
segments ; eaoi se^ent (Fig. 95) being cast in one piece, the 
cross section of which is an elliptical ring of uniform thickness, 
the transyerse axis of the ellipse beins in the direction of the ra- 
dius of cunrature of the rib. A broad elliptical flanch with ribs, 
or stays, is cast on each end of the segment, to connect the parts 
with each other ; and three chairs j or saddle pieces^ with grooves 
in them, are cast upon the entrados of each segment, and at equal 
intervals apart,' to receive the open beam which rests on the curved 
rib. 

The ribs are connected by an open tie plate, (Fig. 95.) Raised 
elliptical projections are cast on each face of the tie plate, where 
it is connected with the segments, which are adjusted accurately 
to the interior surface of each pair of segments, between which 
the tie plate is embraced. The segments and plate are fastened 
by screw bolts passed through the end flanches of the segments. 

The tie plates form the only connection between the curved 
ribs ; the broad ribbed flanches of the segments, and the raised 
rims of the tie plates inserted into the ends of the tubes, giving 
all the advantages and stiffness of diagonal pieces. 

532. Tubular ribs with an eUiptical cross section have been 
used in France for many of their oridges. They were first intro- 
duced but a few years back by M. Polonccu, afi^r whose designs 




Fig. 96-*]lepi«niitB a lide Tiew A and a ciob wction and end view B thFoqgii • ^aint 

oTM. PoloDceaa*t tubular aich. 
0. a*.top flanch, b, b bottom flanch of the Bemi-aegnients united along the Teitical <oiiit 

ed thiouffh the axk of the rib. 
#A. aide view of the joint between the flanches e, e oftwo eemi-eegmenti. 
OT, nmer ade of the flanchea. 

•. eroM section of a semi-segment and top and bottom flanchesL 
/,/. thin wedges of wrought iion placed oetween the end flanches of the 

to bring the pazta to their proper bearing. 

25 
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the greater part of these structures hare been built. According 
to M. PoloDceau's plan, each rib consists of two symmetrical parts 
diyided lengthwise by a vertical joint. Each half of the rib is 
composed of a number of segments so distributed as to break 
joints, in order that when the segments are put together there 
shall be no continuous cross joint through the ribs. 

The segments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and lower flanches, and the segments 
by bolts through the end flanches. 

For the purposes of adjusting the segments and bringing the 
rib to a suitable degree ot tension, fiat pieces of wrought iron of 
a wedge shape are driven into the joints between the segments, 
and are confined in the joints by the bolts which fasten uie seg- 
ments and which also pass through these wedges. 

To connect the ribs with each other, iron tubular pieces are 




fig. 97— Rennwiili the half of a truai of wrought iron for the new Howee of Pariii* 
mcLt, England. ThepieceBof thutnuBarefonnedofbanofarecUuigularaediatt. 
The joints are secured by cast iron eockett, within which the onda ortlie btv «• 
■eeuiad bj acnw boUi. 
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placed between them, the ends of the tabes being suitably ad 
justed to the sides of the ribs. Wrought iron rods which serve 
as ties pass through the tubes and ribs, being arranged with 
screws and nuts to draw the ribs firmly against the tubular pieces. 
Diagonal pieces of a suitable form are placed between the ribs to 
give them the requisite degree of stiffiiess. 

In the bridges constructed by Mr. Polonceau acdording to this 
plan, he supports the longitudinal beams of the roadway by cast 
iron rings which are fastened to the ribs and to each other, and 
bear a chair of a suitable form to receive the beams. 

633. Iron roof Trusses. Frames of iron for roofs have been 
made either entirely of v^ought iron, or of a combination of 
wrought and cast iron, or of these two last materials combined 
with timber. The combinations for the tnisses of roofs of iron 
are in all respects the same as in those for timber trusses. The 
parts of the truss subjected to a cross strain, or to one of com- 




fl8.»-Reiireieiitstfaeha]rof a triMforthemiietmildiiigoompondofwraaghmd 

eMttnm. 
a, a, featliered Ktrute of cast iron. 
6, &• mspeiiBioD bora in pain. 

m, n, tie and Btraining ban. . . ^ ^ 

e, e and /,^ eras Mctioiis of beams nrting m tha oairt iim aoekBta oonneolad 
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preBsion, are arranged to give the most suitable forms for streiulli» 
and to adapt them to the object in view. The parts subjected to 
a strain of extension, as the tie-beam and king and queen posts, 
are made either of wrought iron or of timber, as may be found 
best adapted to the particular end proposed. The joints are in 
some cases arrangea by inserting the ends of the beams, or bars, 
in cast iron sockets, or shoes of a suitable form ; in others the 
beams are united by joints arranged like those for timber frames, 
the joints in all cases being secured by wrought iron bolts and 
keys. (Figs. 97, 98, and 99.) 



Fig. 99— Represents tiie ar- 
rangeinentB of the parts at 
Uie joint c in Fi«.9t}. 

A, side view of the pieces 
and joint. 

a, principal rafter of the enm 
section B. 

6, common rafter of thecrasi 
section C 

c, crue section of purlins and 
Joint for fastening the oom- 
mon rafteis to the purliuB. 

d, cast iron socket ananged 
to confine the pieces «, 6, 
c.«. 



634. Flexible Supports for Frames. Chains and ropes may 
frequently be substituted with advantage for rigid materials, as 
intermediate points of support for frames, forming systems of 
suspension in which the parts supported are suspended from the 
flexible supports, or else rest upon them either directly, or through 
the intermedium of rigid beams. 

535. All systems of suspension arc based upon the property 
which the catenary curve in a state of equilibrium possesses 
of converting vertical pressures upon it into tensions in the di- 
rection of the curve. These systems therefore offer the advan- 
tages of presenting the materia1s~of which they are composed 
in the best manner for calling into action the greatest amount 
of resistance of which they are capable, and of allowing the 
dimensions of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid systems ; tnus 
avoiding much of the unproductive weight necessarily intro- 
duced into structures of stone, wood, and cast iron. They offer 
also the farther advantages that in their construction the parts of 
which they are composed can be readily adjusted, put together^ 
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and taken apart for repairs. They present the disadvantages of 
chan£[ing both their form and dimensions from the action of the 
weather and variations of temperature, and of being liable to 
crave accidents from undulations and vertical vibrations caused 
by high winds, or moveable loads They require, therefore, that 
the fixed points of support of the system should be very firm 
and durable, and that constant attention should be given to keep 
the system in a thorough state of repair. 

536. A chain or rope, when fastened at each extremity to fixed 
points of support, will, from the action of gravity, assume the form 
of a catenary in a state of equilibrium, whether the two extremi- 
ties be on the same, or difierent levels. The relative height of 
the fixed supports may therefore be made to conform to the 
locality. 

637. The ratio of the versed sine of the arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the object of the suspended structure. The wider the span, 
or chord, lor the same versed sine, the greater will be the tension 
alon^ the curve, and the more strength will therefore be required 
in all the parts. The reverse will obtain for an increase of versed 
sine for the same span ; but there will be an increase in the length 
of the curve, 

638. The chains may either be attached at the extremities of 
the curve to the fixed supports, or piers ; or they may rest upon 
them, (Fig. 100, 101,) being fixed into anchoring masses, or 




Fie. 10(H-R«preieiitB a chain arch abede, rasting upon two pien/./and anchored at 
the points a and e, (ram which a horizontaT beam mn it suspended by vertical 
ehaina, orrods. 

b 







Ilf . 101— Repnssnti the manner in which the system may be arranged when a single 
pier is placed between the extreme points of the bearing. 

abutments, at some distance beyond the piers. Local cir- 
cumstances will determine which of the two methods will be 
the more suitable. The latter is generally adopted, particularly 
if the piers require to be high, since the strain upon them from 
the tension might, from the leverage, cause rupture in the pier 
near the bottom, and because, moreover^ it remedies in some de 
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gree the inconveniences arising from variations of ten; 'on caused 
either by a moveable load, or changes of temperature. Piers of 
wood, or of cast iron moveable around a joint at their base, have 
been used instead of fixed piers, with the object of remedying the 
same inconveniences. 

539. When the chains pass over the piers and are anchored at 
some distance beyond them, they may either rest upon saddle 
pieces of cast iron, or upon pulleys placed on the piers. 

540. The position of the anchoring points will depend upon 
local circumstances. The two branches of the chain may eitner 
make equal angles with the axis of the pier, thus assuming the 
same curvature on each side of it, or else the extremity of the 
chain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensions and weights will 
be vertical and in the direction of the axis of the pier, in the latter 
it will be oblique to the axis, and should pass so far within the 
base that the material will be secure from crushing. 

541. The anchoring points are usually masses of masonry of 
a suitable form to resist the strain to which they are subjected. 
They may be placed either above or below the surface of the 
ground, as the locality may demand. The kind of resistance 
offered by them to the tension on the chain will depend upon 
the position of the chain. If the two branches of the chain make 
equal angles with the axis of the pier, the resistance offered by 
the abutments will mainly depend upon the strength of the ma- 
terial of which they are formed. If the branches of the chain 
make unequal angles with the axis of tlie pier, the branch fixed 
to the anchoring mass is usually deflected m a vertical direction, 
and so secured that the weight of the abutment may act in resist- 
ing the tension on the chain. In this plan fixed pulleys placed 
on very firm supports will be required at the point of deflection 
of the chain to resist the pressure arising from the tension at 
these points. 

Whenever it is practicable the abutment and pier should be suit- 
ably connected to increase the resistance offered by the former. 

The connection between the chains and abutments should be 
so arranged that the parts can be readily examined. The chains 
at these points are sometimes imbedded, in a paste of fat lime to 
preserve them from oxidation. 

542. The chains may be placed either above or below the 
structure to be supported. The former gives a system of more 
stability than the latter, owing to the position of the centre of 
gravity, but it usually requires high piers, and the chains cannot 
generaUy be so well arranged as in tne latter to subserve the re- 
quired purposes. The curves may consist of one or more chains. 
Several iure usually preferred to a single one, as for the same 
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•mount of metal they offer more resistance, can be more accu- 
rately manufactured, are less liable to accidents, and can be more 
easily put up and replaced than a single chain. The chains of 
the curve may be placed either side by side, or above each other, 
according to circumstances. 

543. The curves may be formed either of chains, of wire 
cables, or of bands of hoop iron. Each of these methods has 
found its respective advocates among engineers. Those who 
prefer wire cables to chains urge that the latter are more liable 
to accidents than the former, that their strength is less uniform 
and less in proportion to their weight than that of wire cables, 
that iron bars are more liable to contain concealed defects than 
wire, that the proofs to which chains are subjected may increase 
without, in all cases, exposing these defects, and that the con- 
struction and putting up of chains is more expensive and difficult 
that) for wire cables. The opponents of wire cables state that 
they are open to the same oojections as those urged against 
chains, that they offer a greater amount of surface to oxidation 
than the same volume of bar iron would, and that no precaution 
can prevent the moisture from penetrating into a wire cable and 
causing rapid oxidation. 

That in this, as in all like discussions, an exaggerated degree 
of importance should have been attached to the objections urged 
on each side was but natural. Experience, however, derived 
from existing works, has shown that each method may be ap- 
plied with safety to structures of the boldest character, and that 
wherever failures have been met with in either method, they were 
attributable to those faults of workmanship, or to defects in the 
material used, which can hardly be anticipated and avoided in any 
novel application of a like character. Time alone can definitively 
decide upon the comparative merits of the two methods, and how 
far either of them may be used with advantage in the place of 
structures of more rigid materials. 

544. The chains of the curves may be formed of either round, 
square, or flat bars. Chains of flat bars have been most generally 
used. These are formed in long links which are connected by 
short plates and bolts. Each link consists of several bars of the 
same length, each of which is perforated with a hole at each end 
to receive the connecting bolts. The bars of each link are placed 
side by side, and the links are connected by the plates which 
form a short link, and the bolts. 

The links of the portions of the chain which rest upon the 
piers may either be bent, or else be made shorter than the others 
to accommodate the chain to the curved form of the Bvaface on 
which it rests. 

645. The vertical suspension bars may be either of round of 
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square bars. They are usually made with one or more articula- 
tionSy to admit of their yielding with less strain to the bar to any 
motion of vibration, or of oscillation. They may be suspended 
from the connecting bolts of the links, but the preferable method 
is to attach them to a suitable saddle piece which is fitted to the 
top of the chain and thus distributes the strain upon the bar 
more uniformly over the bolts and links. The lower end of the 
bar is suitably arranged to connect it with the part suspended 
from it. 

646. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cyUndncal shape and 
confined by a spiral wrapping of wire. To form the cable 
several equal sized ropes, or yams, are first made. This may 
be done by cutting all the wires of the length required for the 
yam, or by uniting end to end the requisite number of wires for 
tlie yarn, and then winding ihem around two pieces of wrought 
or of cast iron, of a horse-shoe shape, with a suitable gorge to re- 
ceive the wires, which are placed as far asunder as the required 
length of the yam. Tlie yarn is firmly attached at its two ends 
to the iron pieces, or cruppers^ and the wires are temporarily con- 
fined at intermediate points by a spiral lashing of wire. Whichever 
of the two methods be adopted, great care must be taken to give 
to every wire of the yarn the same degree of tension by a suitable 
mechanism. The cable is completed after the yams are placed 
upon the piers and secured to the anchoring ropes or chains ; for 
this purpose the temporary lashings of the yams are undone, and 
all the yams are united and brought to a cylindrical shape and 
secured throughout the extent of the cable, to within a short dis- 
tance of each pier, by a continuous spiral lashing of wire. 

The part of the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a uniform 
thickness. 

647. The suspension ropes are formed in the same way as the 
cables ; they are usually arranged with a loop at each end, formed 
around an iron cmpper, to connect them with the cables, to which 
they are attached, and to the parts of the stmcture suspended 
from them by suitable saddle pieces. 

548. To secure the cables from oxidation the iron wires are 
coated with vamish before they are made into yams, and after 
the cables are completed they are either coated with the usual 
oaints for securing iron from the effects of moisture, or else 
covered with some impermeable material. 

649. Experiments on the Strength of Frames. Experimental 
researches on this point have been mostly restricted to those 
made with models on a comparatively small scale, owing to the 
e]q)ease and difficulty attendant upon experiments on frames 
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baymg the foim and dimensions of those employed in ordinary 
structures. 

Among the most remarkable experiments on a large scale are 
those made by order of the French government at Lorient, imder 
the direction of M. Riebell, the superintending engineer of the 
port, and published in the Atmales Maritimes et Coumiales^ Feb. 
and Nov., 1837. 

The experiments were made by first setting up the frame to 
be tried, and, after it had settled under the action of its own 
weight, suspending from the back of it, by ropes placed at equal 
mtervals apart, eaual weights to represent a load uniformly dis- 
tributed over the oack of the frame. 

The results contained in the foUovring table are frx>m experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
truss consisted of two rafters and a tie beam, with suspension 

Fig. 102. 




pieces in pairs, and diagonal iron bolts which were added be- 
cause it was necessary to scarf the tie beam. The span of the 
truss was 65^ feet ; the rafters had a slope of 1 perpendicular to 
4 base. The thickness of the beams, measured horizontally, was 
about 2} inches, their depth about 18 inches. The amount of 
the settling at each rope was ascertained by fixed graduated 
vertical rods, the measures being taken below a horizontal line 
marked 0. 
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The following table gives the results of experiments made on 
frames of ihe usual forms of straight and curved timber for roof 
The curved pieces were made of two thicknesses, each 
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3^ inches. The numbers in the fifth column gire the ratios be* 
tween the weight of the frame and that of the weight borne by 
which the elasticity was not impaired. 

Fig. lOS. 
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550. Under this head will be comprised that class of struc- 
tures whose object is to afford a line ot communication above the 
general surface of a counliy, either by means of a roadway, or 
of a water-way, without obstructing those communications which 
lie upon the surface. 

When the structure supports a roadway it is termed a via- 
duct ; and when a water-way an aqueduct. 

If the structure is limited to affording a communication over a 
water-course, it is termed a bridge when it supports a road-way, 
and an aqueduct-bridge when it affords a water-way. 

For the convenience of description, bridges, dec, may be clas- 
sified either from the kind of the material of which they are con- 
structed, as a Stone Bridge^ a Wooden Bridge, &c., or from 
the character of the structure, as a Permanent Bridge, a Drauh 
Bridge, &c. 

STONE BRIDGES. 

551. A stone bridge consists of a roadway which rests upon 
one or more arches, usually of a cylindrical form, the abutments 
and piers of the arches being of sufficient height and strength to 
secure them and the roadway from the effects of any extraor 
dinary rise in the water-course. 

562. Locality, The point where a bridge may be required, 
as well as the direction of the axis, or centre line of the roadway 
over the bridge, usually depends upon the position of a line of 
communication which traverses the water-course, and of which 
the bridge is a necessary link. When, however, the engineer is 
not restricted in the choice of a suitable locality by this condition, 
he should endeavor to select one where the soil of the bed will 
afford a firm support for the foundations of the structure ; where 
the approaches, or avenues leading from the banks of the water- 
course to the bridge can be easily made, not requiring high enw 
bankments or deep excavations ; and one where the regimen of the 
water-course is uniform and not likely to be changed in any hurt- 
ful degree by elbows, or other variations in the water-way near 
the bridge, or by the obstruction which the foundations, &c., of 
the structure may offer to the free discharge of the water. 

To avoid the mfficulties which the construction of askew aichaf 
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presents, the axis of the bridge should be perpendicular to the 
direction of the thread of the current, since, tor the security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

553. Survey. With whatever considerations the locality may 
have been selected, a careful survey must be made not only of 
it, but also of the water-course and its environs for some distance 
above and below the point which the bridge will occupy, to en* 
able the engineer to jud^e of the probable effects which the 
bridge when erected may nave upon the natural regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the surface, the nature of the subsoil of the 
bed and banks of the water-course, and the character of the 
water-course at its different phases of high and low water, and 
of freshets. This information will be embodied in a topographi* 
cal map ; in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by sound- 
ings and borinffs ; and in a descriptive memoir which, besides the 
usual state oi the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, or from 
the construction of bridges, dams, and other artificial changes 
either in the bed or banks. 

554. Having obtained a thorough knowledge both of the posi- 
tion to be occupied by the bridge and its environs, the two most 
essential points which will next demand the consideration of the 
engineer will be, in the first place, so to adapt his proposed struc- 
ture to the locality, that a sufficient water-way shall be left both for 
navigable purposes and for tlie free discharge of the water accu- 
mulated during high freshets ; and, in the second, to adopt such 
a system of foundations as will be most hkely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. W^a/er-M?ay. When the natural water-way of a river is 
obstructed by any artificial means, the contraction, if consider- 
able, will cause the water, above the point where the obstruction 
is placed, to rise higher than the level of that below it, and pro- 
duce a fall, with an increased velocity due to it, in the current 
between the two levels. These causes, during heavy freshets, 
may be productive of serious injury to agriculture, from the over- 
flowing of the banks of the water-course ; — may endanger, if not 
entirely suspend navigation during the seasons of freshets ; — and 
expose any structiu-e which, like a bridge, forms the obstruction 
to ruin, from the increased action of the current upon the soil 
around its foundations. If, on the contrary, the natural water- 
way is enlarged at the point where the structure is placed, vritb 



'IM BRIDOSS, ETC. 

the view of preyenting these consequences, the velocity of die 
current, dunng the ordinary stages of the water, will be de- 
creased, and Uiis will occasion deposites to be formed at the 
point, which, by gradually filling up the bed, might, on a sudden 
rise of the water, prove a more serious obstruction than the struc- 
ture itself ; particularly if the main body of the water should hap- 
pen to be diverted by the deposite from its ordinary channels, and 
form new ones of greater depth aroimd the foundations of the 
structure. 

The water-way left by the structure should, for the reasons 
above, be so regulated that no considerable change shall be occa- 
sioned in the velocity of the current through it during the most 
unfavorable stages of the water. , 

556. For the puipose of deciding upon the most suitable ve- 
locity for the current through the contracted water-way formed 
by tne structure, the velocity of the current and its eflfects upon 
the soil of the banks and bed of the natural water-way should be 
carefully noted at those seasons when the water is highest ; se- 
lecting, in preference, for these obsenrations, those points above 
and below the one which the bridce is to occupy, where the 
natural water-way is most contracted. 

557. The velocity of the current at any point may be ascer- 
tained by the simple process of allowing a light ball, or fioat of 
some material, like white wax, or camphor, whose specific grav- 
ity is somewhat less than that of water, to be earned along by 
the current of the middle thread of the water-course, and noting 
the time of its passage between two fixed stations. 

558. From the velocity at the surface, ascertained in this 
way, the average, or mean velocity of the water, which flows 
through any cross-section of the water-way between the stations 
where the observations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natural water-way, that of 
the artificial water-way will be obtained from the following ex- 
pression, 

s 
v = m — V, 
s 

in which s and v represent, respectively, the area and mean 
velocity of the artificial water-way ; s and v, the same data of 
the natural water-way; and m a constant quantity, which, as 
determined from various experiments, may be represented by the 
mixed number 1,097. 

With regard to the eflfect of the increased velocity on the bed, 
there are no experiments which directly apply to the cases usually 
met with. The following table is drawn up from eiqperiments 
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559. Bays. With the data now before him, the endneer can 
proceed to the arrangement of the forms and details of me various 
parts of the proposed structure. 

The first point to be considered under this head will be the 
number of oaySy or intervals into which the natural -water-way 
must be divided, and tlie forms and dimensions of the arches 
which span the bays. 

As a general rule, there should be an odd number of bays, 
whenever the width of the water-way is too great to be spanned 
by a single arch. Local circumstances may require a departure 
from this canon ; but, when departed from, it will be at the cost 
of architectural effect ; since no secondary feature can occupy 
the central point in any architectural composition without impair- 
ing the beauty of the structure to the eye ; and as the arches are 
the main features of a stone bridge, the central point ought to be 
occupied by one of them. 

The width of the bays will depend mainly upon the character 
of the current, the nature of the soil upon which the foundations 
rest, and the kind of material that can be obtained for the ma- 
sonry. 

For streams with a gentle current, which are not subject to 
heavy freshets, narrow bays, or those of a medium size may be 
adopted, because, even a considerable diminution of tlie natural 
water-way will not greatly affect the velocity under the bridge, 
and the foundations therefore will not be liable to be undermined. 
The difficulty, moreover, of laying the foundations in streams of 
this character is generally inconsiderable. For streams with a 
rapid current, and which are moreover subject to great freshets, 
wide bays will be mo^t suitable, in order, by procuring a wide 
water-way, to diminish the danger to the points of support, in 
placing as few in the stream as practicable. 

If materials of the best quality can be procured for the struc- 
ture, wide bays with bold arches can be adopted with safety ; 
but, if the materials are of an inferior quality, it vtrill be mott 
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prudent to adopt bays of a small, or medium space, azid a stzoi^ 
lonn of arch. 

660. Arches. Cylindrical arches with any of the usual forms 
of curve of intrados may be used for bridges. The selection wiD 
be restricted by the width of the bay, the highest water-leyel 
during freshets, the approaches to the bridge, and the architec- 
tural effect which may be produced by the structure, as it is more 
or less exposed to view at the intermediate stages between high 
and low water. 

Oval and segment arches are mostly preferred to the full cen- 
tre arch, particularly for medium and wide bays, for the reasons 
that, for the same level of roadway, they afford a more ample 
water-way under them, and their heads and spandrels offer a 
smaller surface to the pressure of the water during freshets than 
the full centre arch under like circumstances. 

The full centre arch, from the intrinsic beauty of its form, the 
simplicity of its construction, and its strength, should be preferred 
to any other arch for bridges over water-courses of a uniformly 
moderate current, and which are not subjected to considerable 
changes in their water-levels, particularly when its adoption does 
not demand expensive embankments for the approaches. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. If the bays are of 
unequal vridih, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or else decrease uniformly from the centre to each 
extremity of the bridge. In this case the curves of the arches 
should be similar, and have their springing Unes on the same 
level throughout the bridge. 

The level of the springing lines will depend upon the rise of 
the arches, and the height of their crowns above the water-level 
of the highest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above the highest known 
water-level, in order that a passage-way may be left for floating 
bodies descending during freshets. Between this, the lowest po- 
sition of tlie crown, and any other, the rise should be so chosen 
that the approaches, on the one hand, may not be unnecessarily 
raised, nor, on the other, the springing lines be placed so low as 
to mar the architectural effect of the structure during the ordinary 
stages of the water. 

When the arches arc of the same size, the axis of the roadway 
and the principal architectural lines which run lengthwise along 
the heacis of the bridge, as the top of the parapet, the cornice, 
&c., &c., will be horizontal, and the bridge, to use a conomon 
expression, be on a dead level throughout. This has for some 
time been a favorite feature in bridge architecture, few of the 
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mare recent and celebrated bridges being without it, as it is 
thought to give a character of lightness and boldness to the struc- 
ture which is wanUng in bridges buih with a uniform decUvity 
from the centre to the extreme arches. Without stopping to ex- 
amine this claim of architectural beauty for level ondges, it is 
well to state that it may be purchased at too ereat a cost, par- 
ticularly in localities where the relative level of the roadway and 
of the aidjacent ground would demand high embankments for the 
approaches. 

561. Style of Architecture. The design and construction of 
a bridge should be governed by the same general principles as 
any other architecture composition. As the object of a bndffe is 
to bear heavy loads, and to withstand the effects of one of the 
most destructive agents with which the engineer has to contend, 
the general character of its architecture should be that of strength. 
It should not only be secure, but to the apprehension appear so. 
It should be equally removed from Egyptian massiveness and 
Corinthian lightness ; while, at the same tmie, it should conform 
to the features of the surrounding locality, being more ornate and 
carefully wrought in its minor details in a city, and near buildings 
of a sumptuous style, than in more obscure quarters ; and assuming 
every shade of conformity, from that which would be in keeping 
with the humblest hamlet and tamest landscape to the boldest fea- 
tures presented by Nature and Art. Simplicity and strength are its 
natural characteristics ; all ornament of detail being rejected which 
is not of obvious utility, and suitable to the point of view from 
which it must be seen ; as well as all attempts at boldness of gen- 
eral design which might give rise to a feeling of insecurity, how- 
ever unfounded in redity. The most, therefore, that can be tried 
in the way of mere ornament, even under the most favorable cir- 
cumstances, will be to combine the voussoirs of the arches with 
the horizontal courses of the spandrels in a regular and suitable 
manner, — to add a projecting cornice, with supporting members 
if necessaiy, of an agreeable profile, — and to give such a form to 
the ends ot the piers, termed the starlings, or cut-watersy as shall 
heighten the general pleasing effect. The heads of the bridge, 
the cornice, and the parapet should also generally present an un- 
broken outline ; this, however, may be departed from in bridges 
where it is desirable to place recesses for seats, so as not to in- 
terfere with the footpaths ; in which case a plain buttress may be 
built above each starling to support the recess and its seats, the 
utihty of which will be obvious, while it will give an appearance 
of additional strength when the height of the parapet above the 
starlings is at all considerable. 

662. Construction. The methods of layinff the foundations 
of structures of stone, &c., described under £e article of Ma- 
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■onry, being alike api^icable to all structores which conM under 
this denomination, there only remains to be added under this head 
whatever is peculiar to bridge-building. Either of the methods 
referred to may be employed in laying the foundations of the 
abutments and piers of a bridge, which, in the judgment of the 
engineer, may be most suited to the locality, and will be least 
expensive. As the foundations and their beds of the parts in 
question are greatly exposed, from the action of the current both 
upon the soil around them and upon the materials used for their 
construction, the utmost precaution should be taken to secure 
them from damage, by giving to the foundation-bed an ample 
spread where the soil is at all yielding ; by selecting the most du- 
rable materials for the masonry of tliese parts ; and by employing 
some suitable means for securing the bed of the natural water- 
way around and between the piers from being removed by the 
current. 

563. Various expedients have been tried to effect this last ob- 
ject ; among the most simple and efficacious of which is that of 
covering the surface to be protected by a bed of stone broken into 
fragments of sufficient bulk to resist the velocity of the current 
in the bays, if the soil is of an ordinary clayey mud ; but, if it be 
of loose sand or gravel, the surface should be first covered by a 
bed of tenacious clay before the stone be thrown in. The voids 
between the blocks of stone, in time, become filled with a deposite 
of mud, which, acting as a cement, gives to the mass a character 
of great durability. 

564. The foundation courses of the piers should be formed of 
heavy blocks of cut stone bonded in the most careful manner, 
and carried up in offsets. The faces of the piers should be of 
cut stone well bonded. They may be built either vertically, or 
with a slight batter. Their thickness at the impost should be 
greater than what would be deemed sufficient under ordinary 
circumstances ; as they are exposed to the destructive action oi 
the current, and of shocks from heavy floating bodies ; and from 
the loss of weight of the parts immersed, owing to the buoyant 
effoit of tlie water, their resistance is decreased. The most suc- 
cessful bridge architects have adopted the practice of making the 
thickness of the piers at the impost between one sixtli and one 
eighth of the span of the arch. The thickness of the piers of the 
bridge of Neuilly, near Paris, built by the celebrated Perronet, 
whose works form an epoch in modem bridge architecture, is 
ordy one ninth of the span, its arches also being remarkable for 
the boldness of their curve. 

565. The usual practice is to give to all the piers the same 
proportional thickness. It has however been reconunended by 
some engineers to give sufficieni thickness to a few of the piers 
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to resist the horizontal thrast of the arches on either side of them, 
and thus secure a part of the structure £x)m ruin, should an acci- 
dent happen to any of the other p jers. These masses, to wliich 
the name abutment piers has been applied, would be Dbjection- 
able from the diminution of the natural water-way that would be 
caused by their bulk, and from the additional cost for their con- 
struction, besides impairing the architectural effect of the struc- 
ture. They present the advantage, in addition to their main 
object, of permitting the bridge to be constructed by sections, 
and thus procure an economy in the cost of the wooden centres 
for the arches. 

566. The projection of the starlings beyond the heads of the 
bridge, their lorm, and the height given to them above the spring- 
ing fines, will depend upon local circumstances. As the main 
objects of the starlings are to form k fender, or guard to secure 
the masonry of the spandrels, dec, from being damaged by float- 
ing bodies, and to serve as a cut-water to turn the current aside, 
and prevent the formation of whirls, and their action on the bed 
around the foundations, the form given to them should subserve 
both these purposes. Of the different forms of horizontal section 
which have been given to starlings, (Figs. 107, 108, 109, 110,) 



Fig. 107. 



Fig. 108. 




/ 

FigB. 107, 108, and llO-Rep- 
reflent horizontal sectioni 
of starlings A of tlie more 
nsual fonns, and part of 
the pier B above the foun- 
dation oourses. Fig. 100 
represents the plan of the 
hood of a starling laid in 
conisee. the general shape 
being that of the qoarter 
of a sphere. 



the semi-ellipse, from experiments carefully made, with these ends 
in view, appears best to satisfy both objects. 

The up and down stream starlings, in tidal rivers not subject 
to freshets and ice, usually receive the same projections, which, 
when their plan is a semi-elUpse, must be somewhat neater than 
the semi-width of the pier. Their general vexticaJ outline is 
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eolimmar, beinff either straight or swelled, (Figs. Ill, 112yll3> 
114.) They uiould be built as high as the ordinary highest 




Fic. HI— RepreMDte id elevation starlingi A, their hoods B, the vounoin C, the qi 
drelfl D, and the combination of their oounes and joints with each other in an c 
arch of three centres. 

E, parapet ; F, cornice. 




Fig. 11»— Reprannts in etovation the combinations of the same elements as in Fig. Ul 
for a flat segmental arch. 




FSf. 113— Represents in elevation the oombinatioDS of the i 

from the bridffB of Neoilly, an oval of eleven centres. 
•Mf cnrve of intrados. 
Ms are of eiide tnoed on the head of the bridge. 



) elemenli M m ns. M 
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Fig. 114— RepreMDti a crm 
■ection and elevation through 
the crown of Fig. 113, ehow- 
ing the airaogement abo of 
the roadway, ioot-paths, par- 
apet, and oornice. 



water-level. They are finished at top with a coping stone to 
preserve the masonry from the action of rain, dec. : this stone, 
termed the Jiood^ may receive a conical, a spheroidal, or any 
other shape which will subserve the object in view, and produce 
a pleasing architectural effect, in keeping with the locality. 

In streams subject to freshets and ice, the up stream starlings 
should receive a greater projection than those down stream, and, 
moreover, be built in the form of an inclined plane (Fig. 115) 
M 




Fig. 115— Repreeents a lide ela- 
▼ation M and plan N of a pier 
of the Potomac aqaeduct, ar- 
ged with an ice-bieakar 



N 



L, Hu-vuvBui starling, with the 
mclined ice-breaker D which 
iiM from the low-water level 
above that of the highest frnh- 
ets. 

B, down-etzeam stariing. 

C, face of pier. 
E, top of pier. 

F^ horixontal prqiection of top of 

loe-fanaker. 
GG. horixontal projection of fooM 

or pier and stamngB. 




to fiidlitate the breaking of the ice, and its passage through the 
•xches. 
567. Where the banks of a water-course spanned by a bridge 
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are so steep and difEcuIt of access that the roadway must be 
raised to the same level with their crests, security for the founda 
tion, and economy in the construction demand that hollow^ or 
open piers be used instead of a solid mass of masonry. A con- 
struction of this kind requires creat precaution. The facing 
courses of the piers must be of heavy blocks dressed with ex- 
treme accuracy. The starlings must be built solid. The faces 
must be connected by one or more cross tie-walls of heavy, well- 
bonded blocks ; the tie-walls being connected from distance to 
distance vertically by strong tie-blocks ; or, if the width of the 
pier be considerable, by a tie-wall along its centre line. 

568. The foundations, the dimensions, and the form of the 
abutments of a bridge will be regulated upon the same principles 
as the like parts of other arched structures ; a judicious con- 
formity to the character of stren^ demanded by the structure, 
and to the requirements of the locality being observed. The 
walls which at the extremities of the bridge form the con- 
tinuation of the heads, and sustain the embankments of the ap- 
proaches, — and which, from their widening out from the general 
line of the heads, so as to form a gradual contraction of the 
avenue by which the bridge is approached, are termed the wing- 
walls, — serve as firm buttresses to the abutments. In some cases 
the beck of the abutment is terminated by a cylindrical arch, 
(Fig. 116,) placed on end, or having its right-line elements ver- 




Fig. 116— RepKMntB a horizontal section 
of an abnanent A with corved winf- 
walb B, B, connected with a ca 
buttnai C and a cnw tie-wall D 



Fig. 117— Repieaenli a hon- 
tal eectioo of an abutment 
A with etreight wing-walli 
B, B, tenmnatod by letmi- 
wallsCi C. 

D, centna bufttieM. 



ticaly whick eoimects the two vring^walls. Inothei»(Fig. 117) 
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a reetangriar-'shaiied buttress is built back frmn the centre line 
of the aoutment, and is connected with the wing-waBs either by 
horizontal arches, or by a vertical cross tie-wall. 

669. The wing-walls may be either plane surface walls (Fig. 
1 1 8) arranged to make a given angle with the heads of the bridge , 




Fig. lis— Reprasente an deTatkni M and plan N 
of a portion of a ainpile arch bridge with nraiglit 
wing-walls BOBtaining an embankment acroM 
the valley of the water-ooum. 

a, tf', face of wing-wall. 

6, 6', side slope of embankment 

e, c^, top of wing-wall. 

o, (/, fender or guard atonea. 



N 




or they may be curved surface-walls presenting their concavity, 
(Fig. 126,) or their convexity to the exterior; or of any oUier 
shape, whether presenting a continuous, or a broken surface, that 
the locality may demand. Their dimensions and form of profile 
will be regulated hke those of any other sustaining wall ; and 
they receive a suitable finish at top to connect them with the 
bridge, and make them conform to tlie outline of the embank* 
ments, or other approaches. 

670. The arches of bridges demand mreat care in proportion- 
ing the dimensions of the voussoirs, and procuring accuracy in 
their forms, as the strength of the structure, and the permanence 
of its figure, will chiefly depend upon the attention bestowed on 
these points. PecuUar care should be given in arranging the 
masonry above the piers which Ues between the two adjacent 
arches. In some ofthe more recent bridges, (Fig. 120,) this part 
is built up solid but a short distance above the imposts^ geneiaiHy 
not Ui^ than a fourth of the rise, and is finished widi a lereitod 
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arch to give greater security against the effects of the presniie 
thrown upon it. 




Fig. 190— Represents a longitudinal section of a portion of a pier and fomidatkiiis, mA 
of an arch and its centre of the new London bridge over the Thames. 

A, finisli of solid spandrel with reversed arch. 

B, wedge of striking plates. 

C, recess over the starlings for seats. 

The backs of the arches should be covered with a water-tight 
capping of beton, and a coating of asphaltum. 

571 . The entire spandrel courses of the heads are usually not 
laid until the arches have been uncentred, and have settled, in 
order that the joints of these courses may not be subject to any 
other cause of displacement than what may arise from the effects 
of rahations of temperature upon the arches. The thickness of 
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the head-walls will depend upon the method adopted for support* 
ing fce roadway. If this be by a filling of earth between the 
head-walls, then their thickness must be calculated not only to 
resist the pressure of the earth which they sustain, but allowance 
must also DO made for the effects of the shocks of floating bodies 
in weakening the bond, and separating the blocks from their mor- 
tar-bed. The more approved methods of supporting the roadway, 
and which are now generally practised, except for very flat segment 
arches, are to lay me road materials either upon broad flagging 
stones, (Figs. 120, 121,) which rest upon*tIiin brick walls built 



Fig. ISl— Represents a profile 
of Fiff. ISO through the cen- 
tre of the pier, showing the 
arrangement of the roadway 
and its drainage, &c. 

A, section of masonry of pier 
and spandrel. 

bt b, sections of walls parallel to 
head-wall, which support the 
flagging stone on which the 
roadway is laid. 

c, section of head-wall and but- 
tress above the starling d, 




e, footpath. 

/, recess for seats over the bat- 



tress. 

0, cornice and parapet. 

n, vertical conduit m the pier 
oommunicatmg with two 
others under the roadway 
from the side channels. 



parallel to the head-walls, and supported by the piers and arches ; 
or by small arches, (Fig. 122,) for which these walls serve as 
piers; or by a system of small groined arches supported by 
pillars resting upon the piers and main arches. When either of 
these methods is used, tne head-walls may receive a mean thick 
ness of one fifth of their height above the solid spandrel. 

572. Superstructure, The superstructure of a bridge consists 
of a cornice, the roadway and footpaths, &c., and a parapet. 

The object of the cornice is to shelter the face of the head- 
walls from rain. To subserve this purpose, its projection beyond 
the surface to be sheltered should be tne greater as the altitude 
of the sheltered part is the more considerable. This rule will 
require a cornice with supporting blocks, (Fig. 123,) termed nuh 
diUions, below it, whenever the projecting part would be actually, 
or might seem insecure from its weight. The height of the 
cornice, including its supports, should generally be equal to its 
projections ; this will often require more or less of detail in the 
profile of the cornice, in order that it may not appear heavy. The 
top surface of the cornice should be a Uttle above that of the 

28 
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footpatli, or roadway, and be slightly sloped outward ; the bd- 
tom should be arranged with a suitable larmier^ or drip^ to ore- 




Fig. 199— Represents a eection throagh the axis of a pier of bridge built of stooe witfa 
brick filling, showing the arrangement for supporting the roadway on small arches. 

'vent the water from finding a passage along its under surface to 
the face of the wall. 



Fig. 193— Repraeenta a section thraugfa the oovni 
of an arch,showing the conica a,modilUon*« 
parapet c, and footpath d. 

A, key-stones. 

B, side elevation of soffit. 



573. The parapet surmounts the cornice, and should be high 
enough to secure vehicles and foot-passengers from accidents, 
without however intercepting the view from the bridge. The 
parapet is usually a plain low wall of cut stone, surmounted by 
a coping slightly rounded on its top surface. In bridges which 
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have a character of lightness, like those with flat segment arches, 
the parapet may consist of alternate panels of plain wall and 
balustracfes, provided this arrangement be otherwise in keeping 
with the locality. The exterior face of the parapet should not 
project beyond that of the heads. The blocks of which it is 
formed, and particularly those of the coping, should be firmly 
secured with copper or iron cramps. 

574. The widtn of the roadway and of the footpaths will be 
regulated by the locality ; being greatest where the thoroughfare? 
connected by the bridge are most freauented. They are made 
either of broken, or of paving stone. Tney should be so arranged 
that the surface-water from rain shall run quickly into the side 
channels left to receive it, and be conducted irom tnence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that have 
their outlets in one of the faces of the piers, and below the lowest 
water-level. 

575. Strong and durable stone, dressed witli the chisel, or 
hammer, should alone be used for the masonry of bridges where 
the span of the arches exceeds fifty feet The interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good rubble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonry of dressed stone and rubble, or brick, may be 
used ; and, in some cases, brick alone. In all these cases (Figs. 
122, 124) the starlings, — ^the foundation courses, — the impost 
stone, — ^the ring courses, at least of the heads, — and the key- 
stone, should be of good dressed stone. The remainder may be 
of coursed rubble, or of the best brick, for the facing, with good 
rubble or brick for the fillings and backings. In a mixed masonry 
of this character the courses of dressed stone may project slight- 
ly beyond the surfaces of the rest of the structure. The archi- 
tectural effect of this arrangement is in some degree pleasing, 
particularly when the joints are chamfered ; and me method is 
obviously useful in structures of this kind, as protection is af- 
forded by it to the surfaces which, from the nature of the mate- 
rial, or tne character of the work, offer the least resistance to the 
destructive action of floating bodies. Hydraulic mortar should 
done be used in every part of the masonry of bridges. 

576. Approaches. The arrangement of the approaches vrill 
depend upon the number and direction of the avenues leading to 
the bridge, — ^the width of the avenues, and their position above 
or below the natural surface of the ground, — and the locality. 
The principal points to be kept in view in their arrangement are 
to procure an easy and safe access to the bridge for vehicles, and 
not to obstruct unnecessarily the channels, for purposes of navi* 
gation, which may be requisite under the extreme arches 
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Fig. 1S4— Repneents an eleTation of a pier, a portion of two aicbea, and the 
of the bridge of which Fig. 13S ie the section. 

A, face of starling. 

B, hood. 

C, vousBoin with chamfered joints. 

When the avenue to the bridge is, by an embankment, in the 
same line as its axis, and the roadway and bridge are of the same 
width, the head-walls of the bridge (Fig. 125) may be prolonged 
sufficiently far to allow the foot of the embankment slope to M 
within a few feet of the crest of the slope of the water-course ; 
this portion of the embankment slope bemg shaped into the form 
of a quarter of a cone, and reveted with dry stone or sods, to {»re- 
serve its surface from the action of rain. 

When several avenues meet at a bridge, or where the width 
of the roadway of a direct avenue is greater than that of tbfl 
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bridge, the approaches are made by gradually widening the out- 
let from the bridge, until it attains the requisite width, by means of 




Fig. 135— Elevation M and plan N, showing the manner of arranging the embankments 
of the approaclies, when the head-walla of the bridge are simply prolonged. 

a, o', side slope of embankment. 

b, 6', dr^ stone facing of the embankment where its end is rounded off, forming a quar- 
ter ot a cone finish. 

/,/^, flieht of steps for fbot-paraengers to ascend the embankment 
e. d, embankment arranged as above, but simply sodded. 
a, a^ facing of dry stone for the side slopes oi tlie banks. 
«, e', facing of the bottom of the stream. 

wing-walls of any of the usual forms that may suit the locality. 
The form of wing-wall (Fig. 126) presenting a concave surface 
outward is usually preferred, when suited to the locality, both 




Fig. 136— Represents an elevation M i 
plan N of a carved face wing-waU. 

A, front view of wing-wall. 

B, B*, slope of embankment 



for its architectural effect and its strength. When made of 
dressed stone it is of more difficult construction and more eiqpeik* 
aive than the plane surface wall. 
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In order that the approaches may not obstruct the communica- 
tions along the banks lor the purposes of navigation, an arched 
passage-way will, in most cases, be requisite under the roadway 
of the approach and behind the abutment of the extreme arch, 
for horses, and, if necessary, vehicles. When the form of the 
arch will admit of it, as in flat segment arches, a roadway, pro- 
iectinff beyond the face of the abutment, may be made under the 
arch tor the same purpose. 

577. Water-wings^ To secure the natural banks near the 
bridge, and the foundations of the abutments from the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banks, which should be properly prepared 
to receive it, and the foot of the facing must be secured by 
a mass of loose stone blocks spread over the bed around it, in 
addition to which a Une of square-jointed piles maybe previously 
driven along the foot. When the face 0/ the abutment projects 
beyond the natural banks, an embankment faced with stone 
should be formed connecting the face with points on the natural 
banks above and below the bridge. By this arrangement, termed 
the water-wings^ the natural water-way will be gradually con- 
tracted to conform to that left by the bridge. 

578. Enlargement of Water-way. In the full centre and oval 
arches, when Uie springing lines are placed low, the spandrels 
present a considerable surface and oostruction to the current 
during the higher stages of the water. This not only endangers 
the safety of the bridge, by the accumulation of drift-wood and 
ice which it occasions, but, during these epochs, fives a heavy 
appearance to the structure. To remedy these defects tlie solid 
angle, formed by the heads and the soffit of the arch, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing lines of the arch, and its apex near the 
crown. The form of the detached mass may be variously ar- 
ranged. In the bridge of Neuilly, which is one of the first where 
this expedient was resorted to, the surface, marked F, (Figs. 113, 
114,) left by detaching the mass in question, is warped, and lies 
between two plane curves, the one an arc of a circle no^ traced 
on the head of the bridge, the other an oval mo op, traced on the 
soffit of the arch. This affords a iunnel-shaped water-way to 
each arch, and, during high water, gives a light appearance to the 
structure, as the voussoirs of the head ring-course have then the 
appearance of belonging to a flat segmental arch. 

579. Centres. 1 he framing of centres, and the arrangement 
for striking them, havinc been aj ready fully explained under the 
article Framing, with illustrations taken from some of the most 
celebrated recent structures, nothing farther need be here added 
than to point out the necessity of great care both in the ccunbi* 
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nation of the frame, and in its mechanical execution, in order to 
prevent any change in the form of the arch while under construe- 
tion. The English engineers have generally been more success- 
ful in this respect than the French. The latter, in several of 
their finest bridges, used a form of centre composed of several 
polygonal frames, with short sides, so inscribed within each other 
that the angles of the one corresponded to tlie middle of the sides 
of the other. The sides of each frame were united by joints, and 
the series of frames secured in their respective positions by ra- 
dial pieces, in pairs, notched upon and bolted to the frames, which 
they clamped oetween them. A combination of this character 
can preserve its form only under an equable pressure distributed 
over the back of the exterior polvgon. When applied to the or- 
dinary circumstances attending the construction oi an arch, it is 
found to undergo successive changes^ of shape, as the voussoirs 
are laid on it ; rising first at the crown, and then yielding at the 
same point when the key-stone and the adjacent voussoirs are 
laid on. The EngUsh engineers have generally selected those 
combinations in which, the pressures being transmitted directly 
to fixed points of support, no change of form can take place in 
the centre but what arises from the contraction or elongation of 
the parts of the frame. 

580. General Remarks: The architecture of stone bridges has, 
vnthin a somewhat recent period, been carried to a very high de- 

free of perfection, both in design and in mechanical execution, 
ranee, m this respect, has given an example to the world, and has 
found worthy rivals in the rest of Europe, and particularly in Great 
Britain. Her territory is dotted over with innumerable fine monu- 
ments of this character, wliich attest her solicitude as well for the 
public welfare as for the advancement of the industrial and liberal 
arts. For her progress in this branch of architecture, France is main- 
ly indebted to her School and her Corps of Fonts et Ckauss6es ; 
institutions which, from the time of her celebrated engineer Per- 
ronet, have supplied her with a long line of names, ahke eminent 
in the sciences and arts which pertain to the profession of the 
en^eer. 

England, although on some points of mechanical skill pertain- 
ing to the engineer's art tlie superior of France, holds the second 
rank to her in the science of her engineers. Without establish- 
ments for professional training corresponding to those of France, 
the English engineers, as a body, have, untU within a few years, 
labored under me disadvantage of having none of those institu 
tions which, by creating a common bond of union, serve not only 
to diffuse science throushout the whole body, but to raise merit 
to its proper level, and nrown down alike, through an enlightened 
esprit de corps^ the assumptions of ignorant pretension, and the 
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malevolence of petty jealousies. Although, as a body, less ad« 
Tantageously placed, in these respects, thiui their more thorough- 
bred brethren of France, the engineers of England can point, 
with a just feeling of pride, not only to the monuments of^their 
skill, but to individual names among them which, achieved under 
the peculiar obstac.es ever attendant upon self-education, yet 
stand in the first rank of those by whose genius the industrial arts 
have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge arcliitecture, although their efforts in this line are less 
widely known through their publications than those of France 
and England. Among the many bridges belonging to Italy, may 
be justly cited the far-famed Rialto; uie bridge of Santa Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
matical puzzle ; and the recent single arch over the Dora Riparia 
near Turin. 

In the United States, the pressing immediate wants of a young 
people, who are still without that accumulated capital by which 
alone great and lasting public monuments can be raised, have pre- 
vented much being done, in bridge building, except of a temporary 
character. The bridges, viaducts, and aqueducts of stone in our 
country, almostwithout an exception, have been built of rustic work 
through economical considerations. The selection of this kind of 
masonry, independently of its cheapness, has the merit of appro- 
priateness, when taken in connection with the natural features of 
the localities where most of these structures are placed. Among 
the works of this class, may be cited the raibroad bridge, called the 
Thomas Viaduct, over the Patapsco, on the Hne of 3ic Baltimore 
and Washington railroad, designed and built by Mr. B.H.Latrobe, 
the engineer of the road. This is one of the few existing bridge 
structures with a curved axis. The engineer has very happuy 
met the double difficulty before him, of being obliged to adopt a 
curved axis, and of the want of workmen sufficiently conversant 
witli the application of working drawings of a rather compli- 
cated character, by placing full centre cylindrical arches upon 
piers with a trapezoidal horizontal section. This structure, with 
ihe exception ot some minor details in rather questionable taste, 
as the slight iron parapet railing, for example, presents an impo- 
sing aspect, and does great credit to the intelligence and skill of 
the engineer, at the time of its construction, but recently launched 
in a new career. The fine single arch, known as the Carrolton 
Viaduct, on the Baltimore and Ohio railroad, is also highly credit- 
able to the science and skill of the engineer and mechanics under 
whom it was raised. One of the largest bridges of the United 
States, designed and partly executed in stone, is the Potomac 
Aqueduct at Georgetown, where the Chesapeake and Ohio canal 
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intersects the Potomac river. This work, to which a wooden 
superstructure has been made, was built under the superintend- 
ence of Captain Tumbull of the U. S. Topographical Engineers. 
In the published narrative of the progress of this work, a very fiill 
account is given of all the operations, in which, while the re- 
sources and skill of the engineer, in a very difficult and, to him^ 
untried application of his art, are left to be gathered by the reader 
from the successful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less truthful course 
may place in prospect before him. 

581 . The following table contains a summary of the principal 
details of some of the more noted stone bridges of Europe. 
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(A) This fine structure, designed and built by the celebrated 
Perronet, forms an epoch in bridge architecture, from the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the arc 
at the spring being 20.9 feet, and that of the arc at the crown 
159.1 feet. The engineer conceived the idea of giving to the 
soffit a funnel shape, by widening it at the heads, from the crown 
to tlie springing line. This he effected by connecting the soffit 
of each arch and the heads by a warped surface, which passed, 
on the one hand, through a fiat circular arc, described upon the 
heads through the points of the crown and the top of the two ad- 
jacent starlings, and, on the other, through two curves on the 
soffit, cut out by two vertical planes, oblique to the axis, passed 
through the highest point of the curve on the heads, and through 
points on the two respective springing lines of the arch. The ob- 
ject of this arrangement was twofold ; first, — as the springing lines 
trere pbced at the low-water level, the bridge, during the i 
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of high water, would have appeared rather heavy, as the greater 
part of the soffit, at this period, would have been under water, — 
It gave the bridge a lighter appearance during the epochs of hiffh 
water ; and, second, as the obstruction to Uie finee flow of the 
water from the spandrels would be very considerable at the same 
periods, the funnel form given to the soffit at the heads partially 
remedied this inconvenience. 

The axis of the roadway, the cornice, and all the correspond- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendered 
classical ; and to obtain which points truly essential conditions 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 
piers but 13.8 feet at the same point, giving an example of judi- 
cious boldness combined with adequate strength, on scientific 
principles, which had been partially lost sight of by preceding en- 
gineers in designing this part of bridges. 

The centres of the !^feuilly bridge were designed upon the 
faulty principle of concentric polygonal frames. Perronet was 
aware of the inconveniences of this combination, and in no part 
of the construction of the bridge than in this was more sagacious 
forethought displayed by him, in providing for foreseen contingen- 
cies, nor greater resources and skill in remedying those which 
could not have been anticipated. An oversight, rather more 
serious in its consequences, was committed in widening the natu- 
ral water-way of the river where the bridge was erected ; the 
effect of this has been a gradual deposition near the bridge, and 
an obstruction of the navigable channcis. 

The bridge of Neuilly is a noble monument of the genius and 
practical skill of its engineer. Tjie style of its architecture, both 
as a whole and in its several parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs of Perronet. Se- 
duced by a thorough knowledge of the capabilities of his art, the 
engineer was led, in planning this structure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and Ughtness of design. This he effected by placing 
very flat segment arches upon piers formed of four columns ; the 
two, forming the starlings, being united to the two adjacent by a 
connecting wall, an interval being left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between tliem. 

The en^eer who constructed the bridge, apprehensive appa- 
rendy for its safety, introduced into the courses of the piers and 
of the arches a large quantity of iron ties and cramping pieces, a 
measure of orecaution which, if necessary, ought to nave coo- 
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demned the original designs, although supported by the hiffh 
authority of Perronet, ana caused oSiers to be substituted for 
them. 

(C) This bridge, now designated as the Pont de VEcole Milu 
taire, from its locality, and the bridge of Rouen^ are built upon 
nearly the same designs. The former is a model of architectural 
taste and of skilful workmanship. Its horizontal architectural 
lines, its fine cornice, copied from that of the temple of Mars the 
Avenger, and the sculptured wreath on its spandrels, form a 
whole of singular beauty. • 

(D) This bridge, designated when first built as the Strand 
Bridge, is worthy of the great metropolis in which it is placed. 
The engineer, influenced perhaps by other examples of the same 
character in the vicinity of this structure, has placed small col- 
umns upon the starlings, which support recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of that imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have failed to produce. 

(£) This fine elliptical arch is, in some respects, built in imi- 
tation of the Neuilly bridge, with a funnel-shaped soffit. Its gen- 
eral architectural effect is heavy, and its mere ornamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
superintended it. In his narrative of the work, Mr. Telford takes 
blame to himself for oversights and unanticipated results, in which 
the scrupulous care that he conscientiously brought to every un- 
dertaking committed to him is unwittingly thrown into bolder 
relief, by the very confession of his failures ; and a lesson of in- 
struction is conveyed, more pregnant with important consequences 
to the advancement of his profession than the recording of hun- 
dreds of successful instances only could have furnished. 

(F) This noble work of Sir John Rennie must ever rank among 
the master-pieces of bridge architecture, in every point by which 
this class of structures should be distinguished. For boldness, 
strength, simplicity, massiveness without heaviness, and a happy 
adaptation oi design to the locality, it stands unrivalled. Tne 
beauty which is generally recognised in a level bridge has, in 
this, been judiciously sacrificed to a well-judged economy ; and 
the artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches from the 
centre to the two extremities. The square plain buttresses* 
which rise above the starlings and support the recesses for seats, 
are of farther obvious utility in strengthening the head-walls, 
which, at these points, are ot considerable hei^t ; and they alio 
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prodice, in this case, a not unpleasing architectural efiectyt in 
separating the unequal arches, without impairing the unity ^ the 
general design. 

(G) This is the boldest single arch of stone now standing, and 
IS a splendid example of architectural design and skilful workman- 
ship. The soffit of the arch is made slightly funnel-shaped, which 
gives the bridge an air of almost too great boldness. The cornice, 
which is copied from the same model as that of the bridge of 
Jena ; the convex cylindricalfshaped wing-walls, which give an 
approach of 144 feet between the parapets ; with the other archi- 
tectural accessories, have made this bridge a model of good taste 
for imitation under like circumstances. From the omission of a 
usual architectural member, there is perhaps a slight feeling of 
nakedness produced on the mind of tlie rigid connoisseur in art, 
on first seeing this structure, and its beauty is in some degree 
marred by this want. 

The abutments of this bridge are 40 feet thick at the founda- 
, tions, and, besides the wing-walls, are strenglliened by two coun- 
terforts 20 feet long and 10 feel wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but little to the eye that 
is commendable ; for tliis the engineer who superintended it is 
hardly responsible, except so far as, from professional sympathy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutments form a continua- 
tion of the arch ; and the other details of the construction through- 
out exhibit that thorough acquaintance witli their art for which 
the Hartleys, father and son, are well known to the profession. 

582. The practice of bridge building is now genersdly the same 
throughout the civilized world. In France, the method of laying 
the foundations by caissons has, in most of their later works, been 
preferred by her engineers to that of coffer-dams ; and in the su- 
perstructure of their bridges the French engineers have generally 
filled in, between the arches and the roadway, witli solid material* 
In some of these bridges, as in that of Bordeaux, where appre- 
hension was felt for the stability of the piling, a mixed masonry 
of stone and brick was used, and the roadway was supported by 
a system of light-groined arches of brick. Among tiie recent 
French bridges, presenting some interesting features in their con- 
struction, may be cited that of Souillac over the Doidogne. The 
river at this place having a torrenl-Uke character, and the bed 
being of hme-stone rock with a very uneven surface, and occa* 
sionad deep fissures filled vrith sand and gravel, the obstacle U 
using either the caisson, or the ordinary coffer-dam for the foun- 
dations, was very great. The engineer, M. Vicat, so well known 
by his researches upon mortar, &c., devised, to obviate theie 
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difficulties, the plan of enclosing the area of each pier by a coffer- 
work accurately fitted to the surface of the bed, and of filling this 
with beton to form a bed for the foundation courses. This he 
effected, by first forming a firame-work of heavy timber, so ar- 
ranged that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed vessel 
to contain the semi-fluid material for the bed. After this coffer- 
work was placed, the loose sand and gravel was scooped from 
the bottom, the asperities of the surface levelled, and the fissures 
were voided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser and rounder material like gravel. On this 
prepared surface, the bed of beton, which was from 12 to 15 feet 
m thickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and the stone superstructure 
then laid upon it, by using an ordinary coffer-dam that rested on 
the frame-work around the bed. In this bridge, as in that of 
Bordeaux, a provisional trial-weight, greater than the permanent 
load, was laid upon the bed, before commencing the superstruc- 
ture. 

To give greater security to their foundations, the French usually 
surround them with a mass of loose stone blocks thrown in and 
allowed to find their own bed. Where piles are used and pro- 
ject some height above the bottom, they, in some cases, use, be- 
sides the loose stone, a grating of heavy timber, whicn lies between 
and encloses the piling, to give it greater stifi&iess and prevent 
outward spreading. In streams of a torrent character, where the 
bed is liable to be worn away, or shifted, an artificial covering, 
or apron of stone laid in mortar, has, in some cases, been used, 
both under the arches and above and below the bridge, as far as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread over the river-bed between the 
piers, and it has been found to answer perfectly the object of the 
engineer, the blocks having, in a few years, become united into a 
firm mass by the clayey sediment of the river deposited in their 
interstices. At the elegant cast-iron bridge, built over the Lary 
near Plymouth, resort was had to a similar plan for securing the 
bed, which is of shifting sand. The engineer, Mr. Rendel, here 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, and imbedded in it loose stone. This method, 
which for its economy is worthy of note, has fully answered the 
expectations of the engineer. 

The English encineers have greatly improved the method of 
centring, a!nd, in their boldest arches, any settling approaching 
that which the French engineers usually counted upon, on striking 
Ibeir centres, would now be regarded as an evidence X)f great de- 
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feet in the design, or of very unskilful workmanship. They 
have generally, in their recent bridges, supported their roadway 
either upon flat stones, resting on light wails built parallel to the 
heads, or else upon light cylindrical arches laid upon piers having 
the same direction. In the preparation for laying the beds of their 
foundations, they have generally preferred tne coffer-dam to any 
other plan, although in many locaUties the most expensive, on 
account of the greater facility and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an application of beton m the French for hydraulic purposes, 
and, from having mostly usee what is known as concrete among 
their architects, have met with some signal failures in its employ- 
ment for these purposes. 

WOODEN BRIDGES. 

563. A wooden bridge consists of three essential parts : Ist, 
the abutments and piers which form the points of support for 
the bridge frame ; 2d, the bridge frame which supports the su- 
perstructure between the piers and abutment; dd, the super- 
structure, consisting of the roadway, parapets, roofing, &c. 

584. The abutments and piers may be either of stone, or of 
timber. Stone supports are preferable to those of timber, both 
on account of the superior durability of stone, and of its offering 
more security than frames of timber against the accidents to 
which the piers of bridges are liable from freshets, ice. Sec, . 

585. The forms, dimensions, and construction of stone abut- 
ments and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, and the kind of bridge- 
frame adopted. If the bridge-frame is so arranged that no lateral 
thrust is received from it by the piers, the dimensions of the latter 
should be regulated to support the weight of the bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as freshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regulated by the pressure upon them from the embank- 
ments of tne approaches. 

586. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments and piers must be suit- 
ably adapted to resist this action, and secure the supports firom 
being overturned. Abutment-piers may be used with advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for re]3airs. The starlings should in all cases be 
carried above the line of the highest water-level, and the portion 
of the pier above this line, which supports the roadway bearers, 
may be built with plane faces and ends. 
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587. Wooden abutments may be formed by constructing what 
ts termed a crib-work^ which consists of larffe pieces of square 
timber laid horizontally upon each other, to form the upright, or 
sloping faces of the abutment. These pieces are halved into each 
other at the angles, and are otherwise firmly connected together 
by diagonal ties and iron bolts. The space enclosed by the crib- 
work, which is usually built up in the manner just described, only 
on three sides, is filled with earth carefully rammed, or wiUi diy 
stone, as circumstances may seem to require. 

A wooden abutment of a more economical construction may 
be made, by partly imbedding large beams of timber placed in a 
vertical or an inclined position, at intervals of a few feet from 
each other, and forming a facing of thick plank to sustain the 
earth behind the abutment. Wooden piers may also be made 
according to either of the methods here laid down, and be filled 
with loose stone, to give them sufficient stabihty to resist the 
forces to which they may be exposed ; but tlie method is clumsy, 
and inferior, under every point of view, to stone piers, or to the 
methods which are about to be explained. 

588. The simplest arrangement of a wooden pier consists 
(Fig. 127) in driving heavy square or round piles in a single 
'X)w, placing them from two to four feet apart. These upright 
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pieces are sawed off level, and connected at top by a horizontal 
oeam, termed a cap, which is either mortised to receive a tenon 
made m each upright, or else is fastened to the uprights by bolts 
or pins. Other pieces, which are notched and bolted in pairs on 
the sides of the uprights, are placed in an inclined, or diagonal 
position, to brace tlie whole system firmly. The several uprights 
of the pier are placed in tlie direction of the thread of the current. 
If thought necessary, two horizontal beams, arranged like the 
diagonal pieces, may be added to the system just below the lowest 
water-level. In a pier of this kind, the place of the starlings is 
supplied by two inclined beams on the same line with the up- 
rights, which are XeTmed fender-beams, 

689. A strong objection to the system just described, arises 
from the difficulty of replacing the uprights when in a state 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by the uprights, (Fig. 
128,) to connect these piles below the low- water level by four 



d^ 



H N 



^IK-It 

N, Bhowing the arrangemeiit of the capping 
of the foundation piles with the oprighta. 

a, piles. 

6, ctipping of four beam bolted together. 

c, uprights. 



^:- 



horizontal beams, firmly fastened to the heads of the piles, 
which are sawed off at a proper height to receive the horizontal 
beams. The two top beams have large square mortises to re- 
ceive the ends of the uprights, which rest on those of the piles. 
The rest of the system may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and they rest on a solid substructure not subject to de- 
cay ; shorter timber also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

590. In deep water, and especially in a rapid current, a single 
row of piles might prove insufficient to give stabihty to the up- 
rights ; and it has therefore been proposed to give a sufficient 
spread to the substructure to admit of bracing the uprights by struts 
on the two sides. To effect tliis, three piles (Fig. 129) should 
be driven for each upright ; one just under its position, and the 
other two on each side of this, on a line perpendicular to that of 
the pier. The distance between the three piles will depend on 
the inclination and length that it may be deemed necessaiy to 
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gi?e the strata. The heads of the three piles are sawed off level 
and omected by two horizontal clamping pieces below the low- 
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est water. A square mortise is left in these two pieces, over the 
middle pile, to receive the uprights. The uprights are fastened 
together at the bottom by twd clamping pieces, which rest on 
those that clamp the heads of the piles, and are rendered firmer 
by the two struts. 

591. In localities where piles cannot be driven, the uprights 
of the piers may be secured to the bottom by means of a grating, 
arranged in a suitable manner to receive the ends of the uprights. 
The bed, on which the grating is to rest, having been suitably 
prepared, it is floated to its position, and sunk either before or 
after tlie uprights are fastened to it, as may be found most ccm- 
venient. The gratinff is retained in its place by loose stone. 
As a farther security for the piers, the upnghts may be covered 
by a sheathing of boards, and the spaces between the sheathing 
be filled in with gravel. Wooden piers may also be constructed, 
if necessary, of two parallel rows of uprights placed a few feet 
apart, and connected by cross and diagonal ties and braces. 

592. As wooden piers are not of a suitable form to resist heavy 
shocks, ice-breakers should be placed in the stream, opposite to 
each pier, and at some distance firom it. In streams witn a gen- 
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be all that is necessary for an ice-breaker. But in rapid cuirenti 
a crjb-work, baring the form of a triangular p}nramid, (Fig. 131,) 
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the up-stream edge of which is covered with iron, will be xe- 
quired, to offer suf&cient resistance to shocks. The crib-work 
may be filled in, if it be deemed advisable, with blocks of stone. 
693. The width of the bays in wooden bridges will depend on 
tl^e local circumstances. As a general rule, the bays may be 
wider, and in bridce-frames of curved timber the rise less, than 
in stone bridges. In arranging this point, the engineer must take 
into consideration the fact mat wooden bridges require more fire- 
quent repairs than those of stone, arising from tlie decay of the 
material, and from the effects of shrinking and vibrations upon 
the joints of the frames, and that the difficulty of replacing de- 
caved parts, and readjusting the frame-work, increases rapidly 
with the span. 

594. Bridge-frames may be divided into two general classes. 
To the one belong all those combinations, whether of straight or 
of curved timber, that exert a lateral pressure upon the abutnoents 
and piers, and in which the superstructure is generally above the 
bridge-firamc. To the other, those combinations which exert no 
lateral pressure upon the points of support, and in which the road- 
way, <xc. may be said to be suspencled firom the bridge-firame. 

595. Any of the combinations, whether of straight, or of curved 
limber, described under the head of Framing, may be used for 
bridges, according to the width of bay selected. A preference, 
within late years, has been generally given by encineers to com- 
binations of straight timber over curved firames, from the greater 
simplicity and , facility of their construction, as well as their 
greater economy ; as curved frames require much more iroa in 
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uie form of bolts, ties, &c., than frames of straight timber, aud 
more costly mechanical contrivances for putting the parts together, 
^nd setting tlie frame upon its supports. 

696. The number of ribs in the bridge-frame will depend on 
the general strength required by the object of the structure, ai^d 
upon the class ox frame adopted. In tiie first class, in which the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or else be so placed as to give the best support to the loads wnich 
pass over the bridge. In the second class, as the frame usually 
lies entirely, or projects partly above the roadway, &c., if more 
than two ribs are required, they are so arranged that one or two, 
as circumstances may demand, form each head of the bridge, and 
one or two more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adja- 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exterior ribs, 
between them. 

597. The manner of constructing the ribs, and of connecting 
them by cross ties and diagonal braces, is the same for bridge 
frames as for other wooden structures ; care being taken to ob- 
tain the strength and stiffness which are peculiarly requisite in . 
wooden bridges, to preserve them from the causes of destructi- 
bility to which they are liable. In frames which exert a lateral 
pressure against the abutments and piers, the lowest points of 
the frame-work should be so placed as to be above the ordinary 
high-water level ; and plates of some metal should be inserted at 
those points, both of the frame and of the supports, where the 
effect of the pressure might cause injury to the woody fibre. 

598. The roadway usually consists of a simple flooring formed 
of cross joists, term^ the roadway^hearers^ ox floor-girders^ and 
flooring-boards, upon which a road-covering either of wood, or 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in laying longitudinal joists of 
smaller scantling upon the roadway-bearers, to support the 
floorinff-boards. This method preserves more effectually than 
the otner the roadway-bearers from moisture. Besides, in 
bridges which, from the position of the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placing hori- 
zontal diagonal braces between each pair of roadway-bearers. 
For like reasons, stone road-coverings for wooden bridges are 
generally rejected, and one of plank used, which, for a horse- 
track, should be of two thicknesses, so that, in case of repairs, 
arisilig from the wear and tear of travel, the boards resting up<Hi 
Uie flooriDg-joists may not require to be removed. The footpaths 
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consist simply of a slight flooring of sufficient widths which f « 
usually detached firom and raised a few inches above the roadwav 
surface. 

599. When the bridge-frame is beneath the roadway, a distinct 

Earapet will be requisite for the safety of passengers. This may 
e formed either of wood, of iron, or of the two combined. It isf 
most generally made of timber, and consists of a hand and foot 
rail connected by upright posts and stiffened by diagonal braces 
A wooden parapet, besides the security it gives to passengers, 
may be made to add botli to the strength and stifihess of the 
bridge, by constructing it of timber of a suitable size, and con- 
necting it firmly wiih the exterior ribs. 

600. In bridge frames in which the ribs are above the roadway, 
a timber sheathing of thin boards will be requisite on the sides, 
and a roof above, to protect the structure from the weather. The 
lie-beams of the roof-trusses may serve also as ties for the ribs 
at top, and may receive horizontal diagonal braces to stiffen the 
structure, like those of the roadwav-bearers. The rafters, in the 
case in which there is no centre rib, and the bearing, or distance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, majr serve as points of sup- 
port for suspension pieces of wood, or of iron, to which the middle 
point of the roadway-bearers may be attached. 

601 . When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyond the head, will pro- 
tect it from the weather, if the depth of the ribs be not very great. 
In the contrary case a side sheathing of boards may be requisite. 

602. The frame and other main timbers of a wooden oridge . 
will not require to be coated with paint, or any like composition, 
to preserve them from decay when they are roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 
preservatives against atmospheric action may be used for them. 
The under surface and joints of the planks of the roadway may 
be coated with bituminous mastic when used for a horse-track ; 
in railroad bridges a metallic covering may be suitably used 
when the bridge is not traversed by horses. 

603. Wooden bridges can produce but little other architectural 
effect thai! that which naturally springs up in the mind of an 
educated spectator in regarding any judiciously-contrived struc- 
ture. When the roadway and parapet are above the bridge- 
frame, a very simple cornice may be formed by a proper combi- 
nation of the roadway-timbers and flooring, which, with the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be 01 obvious utility in covering tne parts beneath from the 
weather. In covered bridges, the most that can be done will be 
to paint them with a uniform coat of some subdued tint. At 
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best, from their want of height as compared with their length, 
covered wooden bridges must, for the most part, be only misightly, 
and also apparently insecure structures when looked at from such 
a point of view as to embrace all the pcurts in the field of vision ; 
and any attempt, therefore, to disguise their true character, and to 
give them by painting the appearance of houses, or of stone arches, 
while it must fail to deceive even the most ignorant, will only be- 
tray the bad taste of the architect to the more enlightened judffe. 

604. The ait of erecting wooden bridges has been carried to 

Srreat perfection in almost every part of 3ie world where timber 
las, at any period, been tlie principal building material at the 
disposal of the architect. The more modem wooden bridges of 
•Switzerland and Germany occupy in Europe the first rank, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been even 
surpassed in the United States, and our wooden bridges and the 
skill of our engineers and carpenters, as shown through them, 
have become deservedly celebrated throughout the scientific 
world. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection m the me- 
chanical execution, and boldness of design. If they are open to 
the charge of any fault, it is to that of too great boldness of de- 
sign, in spanning very wide bays with ribs of open-built beams 
eitiier unsupported, or but imperfectly so, at intermediate points, 
by any combination of struts and corbels, or straining beams. 
The want of these additions is more or less apparent in the sreat 
vibratory motion felt on some of the more recent railroad and 
other bridges, and in a consequent disposition in the frame to 
work loose at the joints and sag. 

605. The following Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 



1 


Namber of 


Width of 


RiM or depth 


i WJLHB, KTC. or BftlDOB. 


bay.. 


widest bay. 


ofrtb. 


Bridge o£ Schaffhausen, (A) 


2 


193 ft. 


„__ 


Bridge of Kandel, (B) . . 








166 " 


-— 


Bridge of Bamberg, ^ ^qv 
Bridge of Freysingen, J ^ ' 








208 " 


16.9 ft. 








153 " 


11.6 •* 


Essex bridge, (D) . . . 








250 " 


— 


Upper Schuylkill bridge, (E) 








340 « 


20 " 


Market-street bridge, (F) 








195 • 


12 " 


Trenton bridge, (G) 








200 " 


27 - 


Columbia bridge, (H) . . . 






89 


200 " 


— 


Richmond bridge, (1) 






19 


153 •* 


15.4 •* 


Springfield bridge, (K) . . . . 


7 . 


180 « 


18 « 
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(A) This celebrated Swiss bridge, built by John Ufaich Gni 
benmann, a carpenter, consisted of two bays, the one 193 and 
the other 172 feet. The bridge-frame was formed of two ribs 
with a roadway between them. Each rib was framed, in some 
respects, on the same principle as an open-built beam, the upper 
stnng being supported by a number of inclined struts which 
rested against the abutments and pier, and the lower string, upon 
which the roadway timbers were laid, being suspended from the 
upper by suspension pieces. The whole structure was consoli- 
dated and braced by bolts, stays, and strap of iron. Remarkable 
in its day, yet the drawings extant of the bridge of Schaffhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it in singular contrast with tne equally bold and less com- 
plicated structures of the Uke nature recently erected in the 
United States. 

(B) This is also a Swiss bridge, built over the torrent of Kan- 
del in the canton of Berne. Its ribs are formed of solid-built 
beams which gradually decrease in depth from the centre to the 
extremities ; this decrease being made by offsets, the built beams 

E resenting the appearance of a number of straining beams placed 
elow each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in various parts of Germany by 
Wiebeking. The bridge-frame in all of them consists of several 
ribs of curved solid-built beams upon which the roadway timbers 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness, it is more expensive than frames of 
straight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs, although stiffer, are impaired in strength by the 
operation of bending them. 

• (D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open- 
built beams, each of which is composed of three concentric solid- 
built beams, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in the direction of the radius of curvature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
formed of two thicknesses of scantling, about 12 or 15 feet in 
length, which abut end to end, breaking joints, and are connected 
by keys of hard wood inserted into mortises made through the two 
thicknesses. By these arrangements the architect has sought 
to preserve both the curved shape and the parallelism of the adid 
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beams forming the rib, and also to connect all the parts firmly 
The combination is an ingenious attempt at constructing an arch 
of wood on similar principles to one ot stone, but is inferior to 
the more simple and usual methods of forming curved open-built 
heamuB by using radial and diagonal pieces. 

(E) This bridge, designed and built by L. Wemwag, has the 
widest span on record. The bridge-frame (Fig. 132) consists 




bridge 



ia»— Repneents a ride yiew of a portum of the open curved lib of the 
■ - FhilMldphia. 



„ J o?er the SohnyUdU at Philadelphia. 

A, lower ciinred solid beam. 
Bptop beam. 

£,'c/diiSoDa] braces. 

0, 0, iron diagonal ties. 

m, m, iron stays anchored in the abutment C. 

of five ribs. Each rib is an open-built beam formed of a bottom, 
curved solid-built beam and of a single top beam, which are con- 
nected by radial pieces, diagonal braces, and inclined iron stays. 
The bottom curved beam is composed of three concentric solid - 
built beams slightly separated from each other, each of which 
has seven courses of curved scantling in it, each course 6 inches 
thick by 13 inches in breadth ; the courses, as well as the con- 
centric beams, being firmly united by iron bolts, &c. A road- 
way that rests upon the bottom curved ribs is left on each side 
of the centre rib, and a footpath between each of the two exterior 
ribs. The bridge was covered in by a roof and a sheathing on 
the sides. 

(F) This is also one of the many bridges designed and built 
by Wemwag in the States of Pennsylvania and New Jersey. 
The bridge-frame consists of three ribs placed so far apart as to 
leave spade between them for a carriage-way and a footpath on 
each side of the centre rib. Each rib is an open-built beam, 
consisting of a bottom curved solid-built beam, with mortises at 
intervals to receive radial pieces, which are connected at top by 
a sinffle beam, also mortised to receive tenons on the heads of the 
ndial pieces. A single diagonal brace is placed between each 
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pair of radial pieces. Longitudinal beams reach from the crown 
of the curved rib of one bay to that of the next, and on these the 
roadway-bearers are laid transversely. 

(G) In this fine structure, the roadway-bearers are suspended 
from curved solid-built beams by iron-bar chains and suspension 
rods. The span of the centre bay is 200 feet, that of tne two 
adjacent 180 feet, and that of the extreme bays 160 feet. The 
bridge-frame (Fig. 133) consists of five ribs, having the same 




Fig. 133— Repraaente a ode Tiew of a pottkui of a rib of TVenlon bridge. 

A, solid cunred beam. 

«, a, a, crow girdera raspeiided ftom A br tho iron diaioa b, b. 
c, c. nxidway-bearem. 
c, a, diagonal bracea. 

B, portion of pier. 

C, frame work of roof-cohering over the pien. 

arrangement for the roadway and footpaths as in the upper Schuyl- 
kill bridge. Each of the central ribs is formed of 8 coiu^es of 
curved scantling, each course being 4 inches thick, and 13 inches 
broad. The two exterior ribs have 9 courses of scantling of the 
same dimensions. Inclined timber braces connect the curved 
beam and roadway timbers. The ribs are tied at top by cro^s 
pieces, and stifTened by diagonal braces. The bridge-frame is 
braced on the exterior by vertical and horizontal timber-stays 
which abut against the top of the piers. The roadway is of 
plank laid upon longitudinal joists that rest on the roadway- 
oearcrs. The roadway-bearers are stiffened by diagonal braces. 
The abutments and piers are of stone, the latter being 20 feet 
thick at the impost. 

(H) This, like most of the more recent bridges for railroads, 
aqueducts, &:c., in Pennsylvania, is built upon Burr's plan, which 
(Fig. 1 34) consists in forming each rib of an open-bmlt beam of 
straight timber, and connecting with it a curved solid-built beam 
formed of two or more thicknesses of scanthng, between which 
the frame-work of the open-built beam is clamped. The open- 
built beam consists of a horizontal bottom beam of two thicknesses 
•if scantling, termed the chords, which clamp uprights, termed the 
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pteenpostSy between tliem, — of a sinde top beam, termed the plate 
of the side frame, which rests upon Uie uprights, with which it is 




Fig. 134— Reprewnts a Bide view of a 

portion of a rib of Burr's bridge. 
CL Of arch timben. 
f.^.qoeen-porti. 
*, 6, braoee. 
c, c, chonlB. 



«, e, plate of the ride ftame. 

0, 0, floor girderB on which the flooring 

Joists and; flooring boards rest, 
n, n, check braces, 
t, t, tie beams of roof. 
A, portion of pier. 



connected by a mortise and tenon joint, — ^and of diagonal braces 
and other smaller braces, termed check braces, placed between 
the uprights. The curved-built beam, termed the arch-timbers^ 
is bolted upon the timbers of the open-built beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, termed the ^oor^'rdcr^, 
which may either rest upon the chords, or else be attached at any 
intermediate point between them and the top beam. The road- 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-frames just described. The 
main difference consists in the application by Burr of wk'^.t he 
terms the arch-timbers, to strengtnen and stiffen an open-built 
beam. It may be remarked from the Figs. 134, 135, tha^. the 
framing of the open-built beam is faulty, in that the top beam, or 
plate, is not only of less dimensions than the bottom beam, or 
chord, but is weakened by mortises, and moreover affords no 
other support to the queen posts, or uprights, which act as sus- 
pension pieces for the chora, than that of the pin which confines 
the tenon in the mortise. From the manner in which the arch- 
timbers are formed and connected with the parts of the open-buill 
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beam, they add but little if any more strength and stiffiiesa than 
would be given by straij^t timbers reaching from the springing 
point of the arch timbers to their crown ; and they are certamly 




Fig. ISSh-Reinmite the half of a 
cRMi wetjon of Fig. 134 through 
the crown of the areh UrobeD, m 
which the letters deagnete tbo 
■ame parte aa in t>ie preceding Fig. 
, rafters of roof tmai. 



P- \ ^, rafters of roof tmai. 

lU y A, A, diagonal braces of bridge ftwna 

_ i B,iideinewofthepier. 



less efficacious in subserving their end than would be inclined 
struts, occupying a like position at bottom, and abutting againat a 
straining beam, placed either under the centre part of the chord, 
where the locality would permit it, or under the centre portion of 
the plate. In localities where fine timber is less abundant than in 
those in which the most of Burr's bridges have been built, a ju- 
dicious regard to economy would undoubtedly have suggested a 
selection of forms for the secondary parts of the frame, which 
would have prevented these parts from being as much cut to 
waste as the Figs, show they must have been in the example 
taken to illustrate this system. 

(I) This structure, constructed under the superintendence of 
Moncure Robinson, Esq., is upon Town's plan. The width of 
the bays varies from 130 to 153 feet. It consists of two ribs, 
each of which is formed of a double lattice, with two chords at 
bottom and one at top. The roadway, for rails, rests on the top 
girders. The ribs are braced by vertical diagonal braces, and by 
horizontal diagonal braces between each pair of the top and bot- 
tom girders. The piers are of rustic work ; they are 40 feet 
above the low-water level, and 4 feet thick at top. The exam- 
ple here selected for illustration (Fig. 136) is taken from another 
Dridge, of nearly the same width of bay, erected subsequently 
to the Richmond bridge, by the same engineer, in wliich the top 
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choid also ia doubled, as the former bridge was found to be rather 
weak. 




Fig. 136— RepreMnts a eras section of a nilroed 
bridge with Town's truss, in which the rails of 
the road are placed on a flooring on the top of 
the truss. 

a, a» double lattice. 

c, c, top and bottom chords doubled. 

bj bj vertical diagonal braces of the two ribs. 

a, d, top and bottom girders. 

e,tf, flooring joists. 

91, cross bearers of the rails. 

0, 0. corbels or support timbers on the friers on 
which the ribs rest. 

/, sheathing, or weather^boarding. 



(K; This bridge is constructed on Howe's plan. It consists 
(Fig. 1 u7) of two ribs which are connected at top and bottom, in 
the usu.ll manner, with cross ties and diagonal braces. The 
roadway flooring rests upon the cross girders at bottom. The 
bridge IS not roofed, as is usually the case, the ribs being covered 
in on the. dides and at top by a sheathing of boards, and the 
flooring-beards by a metallic covering. 

The bridges constructed according to Colonel Long's plan 
have been mostly applied to medium spans. In the printed de- 
scription of the different improvements of this system patented 
by Uolonel Long, he very judiciously introduces struts, which 
he terms arch braces, either below the top or the bottom string, 
as the locality may demand, for the purpose of preventing sag- 
ging, which must necessarily take place in time in all open-buut 
beams of considerable span, if not strengthened in this way. 
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Fig. 137— RepFMents a side view of the truas and an end yiew of the nier, M ; a crmi 
section of the truss and side view of tlie pier, N ; and a top view 0, of the pier of 
the railroad bridse at Springfield. 

A, inclined plane of the ice-breaker o{ the up-stream starling. 

a, a, iron side-stays of the ribs anchored into the piers at top. 

CAST-IRON BRIDGES. 

606. Bridges of cast iron admit of even greater boldness of 
design than those of timber, owing to the superiority, both in 
strength and durabih'ty, of the former over the latter material ; 
and they may therefore be resorted to under circumstances very 
nearly the same in which a wooden structure would be suitable. 

607. The abutments and piers of cast-iron bridges should be 
built of stone, as the corrosive action of salt water, or even of 
fresh water when impure, would in time render iron supports of 
this character insecure ; and timber, when exposed to the same 
destructive agents, is still less durable than cast iron. 

The forms and dimensions of the stone abutments and piers 
are regulated on the same principles as the like parts in wooden 
bridges with curved frames. The piers may be either built up 
high enough to receive the roadway-bearers, or else they may be 
lenninated just above the springing plates of the bridge-firame. 
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and form supports for cast-iron standards upon which the roadway- 
bearers may be laid. 

608. The curved ribs of cast-iron bridge-frames have under- 

fone various modifications and improvements. In the earlier 
ridges, they were formed of several concentric arcs, or curved 
beams, placed at some distance asimder, and united by radial 
pieces ; the spandrels being filled either by contiguous rings, or 
oy vertical pieces of cast iron upon which the roadway bearers 
were laid. 

In the next stage of progress towards improvement, the curved 
ribs were made less deep, and were each formed of several seg- 
ments, or panels cast separately in one piece, each panel con- 
sisting of three concentric arcs connected by radial pieces, and 
having flanches, with other suitable arrangements, for connecting 
them firmly by wroughl-iron keys, screw-bolts, &c. ; the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled eitlier with 
panels formed like those of the curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and wrought-iron diagonal ties. 

In the more recent structures, the ribs have been composed of 
voussoir-shaped panels, each formed of a solid tliin plate with 
flanches around the edges ; or else of a curved tubular rib, formed 
I^e those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
and wrought iron. 

609. The roadway-bearers and flooring may be formed either 
of timber, or of cast iron. In the more recent structures in Eng- 
land, they have been made of the latter material ; the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection with the ribs ; and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, rest 
upon the flooring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English engineers have taken the lead in this branch 
of architecture, and, in Uieir more recent structures, have carried 
it to a high degree of mechanical perfection and architectural 
eleffance. Among the more celebrated cast-iron bridges in Ei|g- 
land, that of Coaunvokdale belongs to the first epoch above men- 
tioned ; those of Staines and Sunderland to the second ; and to 
the third, the bridge of Southwark at London ; that of Tewkes 
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bury oyer the Severn ; that over the Lary near Plymouth, and t 
number of others in various parts of the United Kmgdom. 

The French engineers have not only follovired the lead set them 
by the English, but have taken a nev^ step, in the tubular-shaped 
ribs of M. Polonceau. The Pont des Arts at Paris, a very light 
bridge for foot-passengers only, and vtrhich is a combination of 
cast and wrought iron, belongs to their earliest essays in this Une ; 
tlie Pont (TAusterlitZy also at Paris, which is a combination simi- 
lar to those of Staines and Sunderland, belongs to their second 
epoch ; and the Pont du Carrousel^ in the same city, built upon 
rolonceau's system, with several others on the same plan, belong 
to the last. 

In the United States a commencement can hardly be said to 
have been made in this branch of bridge architecture ; the bridge 
of eighty feet span, with tubular ribs, constructed by Major Dela- 
field at jBrownsville, stands almost alone, and is a step contem- 
porary with that of Polonceau in France. 

The following Table contains a summary description of some 
of the most noted European cast-iron bridges. 
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Coalbrookdale, (A) . . 


Severn 




1005 


40 




1770 
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Wcannouih, (D) 






Wear.* 
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30 




1796 


Boidtm. 
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— . 
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16.5 
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Aasterlits, (D) . 






Seine. 




100.6 


10.6 




1805 




Vauxhall, (E) . 






Thames. 




78 


• 
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Walker. 


Southwnrk, (F) 






Thames. 




840 


U 




1818 


Bennle. 


TewkfKibnry, (G) 






Severn. 
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17 
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Telfonl. 


LaTy.(H) . . 






lATW. 
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14.5 




1837 


Rendel. 


Oarroasel, (I) . . 


1 Seine. 
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16 




1838 





(A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a semicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
land, has a remarkably bold appearance, both from its great span, 
and its height, which is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre- 
sents the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spandrel-fiUing is 
formed of contiguous iron rings, of increasing diameters from the 
crown to the springing line, which rest upon the back of the 
curved rib, and support the roadway-bearers. 

(C^ Staines bridge was designed on the same plan as Wear- 
mouth ; but from a defect in the strength of its abutments, they 
Buccessiyely yielded to the hori^^ntai thrust, which in so &tt an 
arch was veiy considerable. 
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(D) The bridffe of AusterUtz is constructed on the same prin« 
t4thp as the two last, and produces a light and pleasing architec- 
nirai effect. Each curved rib consists of 21 voussoir-shaped 
panels, about 4 feet in depth. The spandrel-fiUings present the 
appearance of a continuation of the curved rib outwards, to form 
a support for the roadway-bearers. The piers are terminated at 
the springing hues of the curved rib, and are at this point 13 feet 
thick ; the roadway above them being supported by the ribs con 
tinned up to its level. The roadway is on a level, the roadway- 
nearers and flooring being of timber. 

(E) In this structure the curved rib is formed of solid panels. 
The spandrel-fillings consist of vertical shafts united by cross 
pieces. The piers are built up to support the roadway-bearers ; 
they are 13 feet thick at the springing line. The entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In this bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of thirteen solid 
panels, each of which is 2 J inches thick, and has a rim, or flanch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozenge-shaped panels with vertical joints ; they are secured 
to the back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-plates inserted between the 
joints of the voussoirs ; and they are braced by feathered diago- 
nal braces. The piers are 24 feet thick at the springing line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 26 feet, and that of each of the footpaths 
7 feet. 

(G) This bridge presents a very light and elegant appearance ; 
the panels of the curved rib being cast with open curvilinear 
spaces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is 3 feet. The thickness 
of tlie two exterior ribs is 2^ inches, that of tlie four interior 
2 inches. The ribs are connected hy grated tie-plates between 
the panel-joints, and they abut agamst springing plates which 
are 3 feet wide and 4 incnes thick. The roadway-bearers and 
road-plates are of cast iron. The spandrel-filUng is composed 
of lozcnge-shaped panels, the sides of the lozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-frame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered with iron 
road-plates, upon which the road-covering rests. The free road- 
space is 24 feet. 

(H) Id this structure, (Figs* 38» 139,) the engineer has de- 
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parted from the usual form of a circular segment aici and 
adopted an elliptical segment. The following sunmiary deft«.Qp* 




Fig. 138— Repments a loBgiiiidi- 
nal Motion throach a i>ier and ite 
cait inm standara of Lary bridso* 
showing the connectkNi of toe 
cast-iron framing and the stone 
pien. 

A , upper portion of pier. 

B, standard. 

C, pcuiel of the cnrved rib. 

D, lozenge spandrel-filling. 



tion is extracted from the engineer's published account of this 
work : — " The arrangement of the design differs materially from 
other works of a similar nature : first, in the masonry of the piers 




Fig. 139— Represents a crosi section of FSg 
138 taken through the axis of the pier. 

A, portion of pier. 

Of a, iron standards. 

b, 6, road-plates laid <m the roadway-bear- 
era c, e. 

df dt diagonal braces of the standards. 

e, roadway-sldrting forming the base of the 
parapet. 



^m 



finishing at the springing course of the arches ; secondly, in the 
curvilinear forms of the piers and abutments ; and thirdly, in the 
employment of elliptical arches. 

'' The centre arch is 100 feet span, and rises 14 feet 6 inches; 
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die thickness of the piers, where smallest, being 10 feet The 
arches adjoining the centre are 95 feet span each, and rise 13 
feet 3 incnes. The piers, taken as before, are each 9 feet 6 
inches thick. The extreme arches are each 81 feet span, and 
rise 10 feet 6 inches. The abutments are, in their smallest di- 
mensions, 13 feet thick, forming at the back a strong arch abutting 
a^nst the return-walls to resist the horizontal thrust. The ends 
of the piers are semicircular, having a curvilinear batter on the 
sides and ends formed with a radius of 35 feet, and extending 
upward firom the level of high water to the springing course, and 
downward to the level of the water at the lowest ebb. The 
front of the abutments have a corresponding batter. 

*^ The roadway is 24 feet wide, supported by 5 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 inches in depth at the spring- 
ingy and 2 feet at the apex, by 2 inches thicK, with a top and 
bottom flanffe of 6 inches wide by 2 inches thick, and is cast in 
5 pieces ; tneir joints (which are flanged for the purpose) are 
connected by screw-pins with tie-plates equal in length to the 
width of the roadway, and in deptn and thickness to the ribs ; 
between these meetmg-plates the ribs are connected by strong 
feathered crosses, or diagonal braces, with screw-pins passing 
through their flainges and the main ribs. The spnnging-plates 
are 3 inches thick, with raised grooves to receive the ends of the 
ribs, which have double shoulders. These plates are sunk flush 
into.the springing course of the piers and abutments, which, with 
the cordon and springing course, are of granite* The pier- 
standards and spandrel-fillings are feathered castings, connected 
transversely by diagonal braces and wrought-iron bars passing 
through cast-iron pipes, with bearing-shoulders for the severu 
parts to abut agamst. The roadway-bearers are 7 inches in 
depth by 1| thioL, with a proportional top and bottom flange ; 
they are £aistened to the pier-standards by screw-pins through 
sliding mortises, whereby a due provision is made lor either ex- 
pansion or contraction of the metal ; the roadway-plates are } of 
an inch thick by 3 feet wide, connected by flannces and screw- 
pins, and project 1 foot over the outer roadway-bearers, thus 
forming a cornice the whole length of the bridge. 

" The adoption of these forms for the piers and arches, in uni- 
son with the plan of finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given a 
degree of uniform liffhtness combined with strength to the general 
efiect, unobtainable by the usual form of straight-sided piers car- 
ried to the height of tne roadway, with flat segments ot a circle 
for the arches.^ 

(I) The curved ribs of this bridge are tubular, the cross sec- 
tion of the tube being an ellipse, me transverse axis of which is 

32 
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2 feet 6 inches, and the conjugate about 1 foot 4 inches. Each 
rib consists of eleven pieces, which are shaped and connected as 
described under the head of Framing. The spandrel-fiUings are 
formed of contiguous cast-iron rings which rest upon the ribs, 
and support the longitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piers are built up to 
receive the roadway-bearers. 

The system of M. Polonceau presents a very light and elegant 
form of cast-iron bridge. The inventor claims for it more econo- 
my than by the ordinary combinations, and also more lightness 
combined with adequate strength. It has been objected to this 
system that it is defective in rigidity ; this the inventor seems 
disposed to regard as an advantage, and has preferred the span- 
drel-filUnff of rings partly on this account, because their elasticity 
is favorable to a gradual yielding and restoration of form in the 
parts. 

611. Effects of Temperature on stone and cast-iron Bridges 
The action of variations of temperature upon masses of masonry, 
particularly in the coping, has ahready been noticed. The effect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by him at Souillac, 
in the joints of which periodical changes were found to take place, 
not only from the ranges of temperature between the seasons, but 
even daily. Similar phenomena were also veijr accurately noted 
by Mr. George Rennie in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tablished, that the joints of stone bridges, both in the arches and 
spandrels, are periodically affected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstances, 
any danger to the permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob- 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metal. The failure in the 
abutments of the iron bridge at Staines was imputed to this cause, 
and like objections were seriously urged against other structures 
about to be creeled in England. To put this matter at rest, ob- 
servations were vciy carefully made by Sir John Rennie upon 
the arches of Souihwark bridge, built by his fatiier. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about yV^h of an inch for each degree of Fahr., 
or 1.25 inches for 50° Fahr. The change of form and increase 
of pressure arising from this cause do not appear to have affected 
m any sensible degree tlie permanent stability either of this struc- 
ture, or of any of a like character in Europe. 
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612. The use of flexible materials, as cordage and the like, tc 
form a roadway over chasms, and narrow water-courses, dates 
from a very early period ; and stnictures of this character were 
probably among the first rude attempts of ingenuity, before the 
arts of the carpenter and mason were sufficiently adVanced to be 
made subservient to the same ends. The idea of a suspended 
roadway, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction woulci demand 
only obvious means and but little mechanical contrivance ; but 
the step from this stage to the one in which such structures are 
now found, supposes a very advanced state both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employee!, diflfered little from the first rude structures, 
no recorded attempt had been made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
cham supports, and suspending the roadway from it, are speci« 
fically laid down, differing, in no very material point, from the 
practice of the present day in this branch of bridge architecture. 
Since then, a number of structures of this character have been 
erected both in tlie United States and in Europe, and, in some 
instances, valleys and water-courses have been spanned by them 
Hinder circumstances which would have baffled the engineer's art 
in the employment of any other means. 

A suspension bridge consists of the supports, termed piers^ 
from which the suspension chains are hung ; of the anchoring 
oiasses, termed the abutments, to which the ends of the suspen* 
sion chains are attached ; of the suspension chains, termed the 
main chains, from which the roadway is suspended ; of the verti- 
cal rods, or chains, termed the suspending-chains, &c., which 
connect the roadway witli the main chains ; and of the roadway. 

613. As the general principles upon which flexible supports 
for structures should be arranged have already been laid aown 
under the head of Framing, nothing more will be requisite, under 
the present head, than to add those modifications of the applica- 
tions of these principles called for by the character of the struc- 
tures in question. 

614. nays. The natural water-way may be divided into any 
number of equal-sized bays, depending on local circumstancesi 
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and the comparative cost of high or low piers, and that of the 
niain chains, and the suspending-rods. 

A bridge with a single bay of considerable width presents a 
bolder and more monumental character, and its stability, all other 
things being equal, is greater, the amplitude from undulations 
caused by a moveable load being less than one of several bays. 

If two bays of equal span are preferred to a single one with 
an equal versed sine, the chains may be supported either by a 
single central pier, or by three piers of the same height. With 
a single pier, the structure will present the appearance (Fig. 101. 
Aru 538) of two half curves. The tension on the chains and 
the horizontal strain at the top of the pier will, in this case, be 
the same as in that of the full curve of double the span and the 
same versed sine ; and twice as great as in the case of three 
piers with curves of equal span and the same versed sine. 

If, instead of a central pier with two semi-arches, two entire 
arches be preferred for the bridge, then three piers will be neces- 
sary, whicn need only be half the height of those which a single 
bay would require. The tension on the chains in this case will 
De only one fourth of that upon the chains of a bridge with a sin- 
gle bay of double width ; and the abutments may oe made pro- 
portionally less strong. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a common foundation, and 
are usually connected at top. The form ^iven to the pier, when 
of stone, will depend in some respects on the locality. Generally 
it is that of the architectural monument known as the Triumphal 
Arch ; an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two others of smaller dimensions, 
on each side of the main one, for approaches to the footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, have in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, being subject to vibrations from the action of the 
chains upon them, which in turn, from the reciprocal action up(Hi 
the chains, tends very much to increase the amplitude of the vi- 
brations of the latter. These effects have been observed to be 
the more sensible as the columnar piers are the higher and more 
slender. 

Cast-iron piers, in the form of columns connected at top by an 
entablature, have been tried with success, as also have been 
Cf'lomnar piers of the same material so arranged, with a joint at 
cfaeir base, that they can receive a pendulous motion at top to ac- 
commodate any increase of tension upon either branch of the chaic 
resting on them. 

The dimensions of piers will depend upon their height and the 
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ftzaiai upon them. When built of stone, the masonry should be 
very carefully constructed of large blocks well bonded, and tied 
by metal cramps. The height of the piers will depend mostly 
on the locality. When of the usual forms, they should at least 
be high enough to admit the passage of vehicles under the arched 
way of the road. • 

616. Abutments. The forms and dimensions of the abutments 
will depend upon the manner in which they may be connected 
with the chains. When the locality will admit the chains to be 
anchored without deflecting them vertically, the abutments may 
be formed of any heavy mass of rough masonry, which, from its 
weight, and the manner in which it is imbedded, have sufficient 
strength to resist the tension in the direction of the chain. If it 
is found necessary to deflect the chains vertically to secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to present sufficient strength to resist the 

Eressure caused by tlie resultant of the tension on the two 
ranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
order to give additional resistance to the anchoring points. 

617. Main Chains, &c. The suspending curves, or arches, 
may be made of chains formed of flat, or round iron, or may con- 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier suspension bridges were formed 
of long hnks of round iron made in the usual way ; but, indepen- 
dently of the greater expense of these chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Chains formed of long links of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shaped 
links. 

The breadtli of the chains has generally been made uniform ; 
but in some recent bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in breadth, by increas- 
ing tlie number of bars in a link, from tlie centre to the points of 
suspension* In addition to this change in the form of the main 
chains, Mr. Dredge places the suspending chains in a vertical 
plane parallel to me axis of the bridge, but obliquely to the hori- 
zon, inclininc each way from the points of suspension towards 
tlie centre of the curve. From experiments, it appears that a 
very considerable increase of strength, for the same amount of 
material, is given by these modifications. 

The number and disposition of the chains will depend upon IIm 
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Strain to be borne and the arrangement of the roadway and foot 
paths. For a single carriage-way the main chains are disposed 
on each side, leaving the requisite width of the carriage-way be- 
tween them. Should the weight to be borne be so great that the 
number of bars in a link would give such breadth to the chain as 
to^require a considerable addition to the breadth of the piers, two 
or more chains must be employed, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shadow from the 
chain above upon that beneath should not prevent the action of 
the sun's rays, in evaporating any moisture that may lodge in the 
articulations of the links, and also to preserve an equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopted, simi- 
lar to those already pointed out for the ribs of wooden bridges 
under like circumstances ; care being taken that the strength of 
the chains be proportioned to the strain upon tliem, and that they 
be placed so far asunder, that in violent oscillations from high 
winds they may not come into collision. 

Some of the links of the main chains should be arranged with 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

The chains may either be attached to, or pass over a moveable 
cast-iron saddle, seated on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefully imbedded in the masonry of the abutments. These 
points, when under ground, should be so placed that they can be 
visited and examined frt>m time to time. 

618. Suspending Chains. The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute the load uniformly over the 
main chains, and to prevent their being broken or twisted off 
by the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-arranged articulations, with 
a saddle piece bearing upon the back of the main chain, and at 
bottom with the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung vertically. In some 
recent bridges they have been inclined inward to give more stiff- 
ness to the system. 
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619. Roadway. Transrersal roadway-bearers are attached 
to the suspending-chains, upon which a flooring of timber is laid 
for the roadway. The roadfway-bearers, in some instances, have 
been made of wrought iron, but timber is now generally preferred 
for these pieces. Diagonal ties of wrought iron are placed hori- 
zontally between the roadway-bearers to brace the frame-work. 

Tlie parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combination of cast iron and timber 
Timber alone, or in combination with cast iron, is now preferred 
for the parapets ; as observation has shown that the stifihess given 
to the roadway by a strongly-trussed timber parapet limits the 
amplitude of the undulations caused by violent winds, and secures 
the structure from danger. 

In some of the more recent suspension bridges, a trussed 
frame, similar to the parapet, has been continued below the level 
of the roadway, for the purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite number 
of single chains may be placed for its support. Frames formed 
of vertical beams of timber, or of columns of cast iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620. Vibrations. The undulatory or vibratoiy motions of 
suspension bridges, caused by the action of high winds, or move- 
able loads, should be reduced to the smallest practicable amount, 
by a suitable arrangement of bracing for the roadway-timbers and 

Earapet, and by chain-stays attached to the roadway and to the 
asements of the piers, or to fixed points on tlie banks whenever 
they can be obtained. 

Calculation and experience show that the vibrations caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the same span, as the versed sine decreases. The 
heavier the roadway, also, all other things being the same, the 
smaller will be the amplitude of the vibrations caused by a move- 
able load, and the less will be their effect in changing the form 
of the bridge. 

The vibrations caused by a moveable load seldom affect the 
bridge in a hurtful degree, owing to the elasticity of the system, 
unless they recur periodically, as in the passage of a body of 
soldiers with a caaenced march. Serious accidents have been 
occasioned in this way ; also by the passage of cattle, and by 
the sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can only be guarded against by 
a proper system of police regulations. 

Cluiin-stays may either be attached to some point of the road 
way, and to fixed points beneath it, or else they may be in the 
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fonn of a reversed curve below the roadway. The former is the 
more efficacious, but it causes the bridge to bend in a disagree- 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more expensive, and less 
effective they become. Slays in the form of a reversed curve 
preseive better the shape of the roadway under the action of a 
moveable load, but they are less effective in preventing vibrations 
than the simple stay. Neither of these metnods is very service- 
able, except m narrow spans. In wide spans, variations of tem- 
perature cause considerable changes in the length of the stays, 
which makes them act unequally upon the roadway ; this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
to the more extreme variations of temperature. 

Engineers, at present, generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a strong combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
firame-work of tlie parapet below it. These combinations pre- 
sent, in appearance, and reality, two or more open-built beams, 
as circumstances may demand, placed parallel to each other, and 
strongly connected and braced oy the frame-work of the road- 
way, which are supported at intermediate points by the suspend- 
ing-rods, or chains. The method of placing the roadway-framing 
at tlie central line of the open-built beams presents the advantage 
of introducing vertical diagonal braces, or ties between the beams 
beneath the roadway-frame. The main objection to these com- 
binations is the increased tension thrown upon tlie chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, so far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks. 

As a farther security to the stability of the structure, the frame- 
work of the roadway should be firmly attached at the two exlre- 
mities to the basements of the piers. 

621. Preservative means. To preserve the chains firom oxi- 
dation on the surface, and from rain or dews which may lodge in 
the articulations, they should receive several coats of minium, or 
of some other preparation impervious to water, and this should 
be renewed from time to time, and the forms of all the parts 
should be the most suitable to allow the free escape of moisture. 

Wires for cables can be preserved from oxidation, until they 
are made into ropes, by keeping them immersed in some alkaline 
solution. Before making them into ropes they should be dipped 
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several times in boiling linseed oil, prepared by previously boit 
ing it with a small portion of litharge and lampblack. The cables 
should receive a thick coating of the same preparation before 
they are put up, and finally be painted with white lead paint, both 
as a preservative means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs of Suspension Bridges. From the many grave 
accidents, accompanied by serious loss of life, which have taken 
place in suspension bridges, it is highly desirable that some trial- 
proof shoula be made before opening such bridges to the public, 
and that, moreover, strict police regulations should be adopted 
and enforced, with respect to them, to guard against the recur- 
rence of such disasters as have several times taken place in Eng- 
land, from the assemblage of a crowd upon the bridge. In 
France, and on the continent generally, where one of the impor- 
tant duties of the public police is to watch over the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced. The trial-proof enacted in France for suspension 
bridges, before they are thrown open for travel, is about 40 lbs. 
to each superficial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one half, 
in order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
over the road surface any convenient weighty material, as bricks, 
pigs of iron, bags of earth, &c. Besides this after-trial, each 
element of the main chains should be subjected to a special proof 
to prevent the introduction of unsound parts into the system. 
This precaution will not be necessary for the wire of a cable, as 
the process of drawing alone is a good test Some of the coils 
tested will be a guarantee for the whole. 

From experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of suspension bridges 
on the Continent, it appears that wrought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
lbs. raised to a height of 3.28 feet on each, .0015dths of an inch 
of cross section, when the bar is strained by a weight equal to 
one third of its breaking weight ; and he concludes that no ap- 
prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which has been subjectea 
to the usual trial of a dead weight ; and that the safety, in this 
respect, is the greater as the bridge is longer, since the elasticity 
of the system is the best preservative firom accidents due to sucn 
causes. 

623. Durability. Time is the true test of the durability of 
the stmctures under consideration. So far as enerience goe8» 
there seems to be no reason to assign less dumbinty to suspeor- 
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■ioB than to cast-iron, or even stone bridges, if tlieir repairs and 
the proper means of preserving them from decay are attended to. 
Doubts have been expressed as to the durabihty of wire cables, 
but these seem to have been set at rest by the trials and exami- 
nations to which a bridge of this kind, erectcxl by Colonel Dufoor, 
at Geneva, was subjected by him after twenty years service. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinking of the roadway-frame ; 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber, proved to be as sound as when first put 
up, and free from oxidation ; and the whole bridge stood anotiier 
very severe proof without injury. 

624. The following succinct descriptions of the principal ele- 
ments of some of the most celebrated suspension bridges of 
chains, and wire cables, of remarkable span, are taken firom va- 
rious published accounts. 

Bridge over the Tweed near Berwick, This is the first large 
suspension bridge erected in Great Britain. It was constructed 
upon the plans of Capt. Brown^ who took out a patent for the 
principles of its construction. 

Span .... 449 feet. 
Versed sine . . . 30 " 
Number of main chains 12, six being placed on each side of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of long links of round iron, 2 inches 
in diameter, and are 1 6 feet long. They are connected by coupling 
links of round iron, 1| inch diameter, and about 7 inches long, by 
means of coupling bolts. 

The roadway is korne by suspending-rods of round iron, which 
are attached alternately to the three ranges of chains. The road- 
way-bearers are of timber, and are laid upon longitudinal bars 
of wrought iron, which are attached to the suspension rods. 

Menai Bridge^ erected after the designs of^Mr. Telford. 
Opened in 1826. 

Span .... 679.8 feet. 
Versed sine . . 43 " 

Number of main chains 16, arranged in sets of 4 each, verticallj 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breadth of each bar 3^ inches ; depth 1 inch. 
Coupling Unks 16 inches long, 8 inches broad, and 1 inch deep 
Coupling bolts 3 inches in diameter. 
Total area of cross section of the main chain, 260 square incLet 

The main chains are fastened to their abutments by anchoring 
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bolts 9 feet long and 6 inches in diameter, which are secured in 
cast-iron grooves. The abutments, which are underground and 
reached by suitable tunnels, are the solid rock. 

Upon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. The base of the saddle, whicn is fitted 
with grooves to receive them, rests upon iron rollers placed on a 
convex cylindrical bed of cast iron, shaped like the bottom of the 
base of the saddle, to admit of a slight displacement of the chains 
from moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feet 
wide, and a footpath 4 feet wide between them. The roadway- 
framing consists of 444 wrought-iron roadway-bearers, 3^ inches 
deep and | inch thick, which are supported at the centre points 
of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties wliich support a vertical bar placed under 
the roadway-bars at the points just mentioned. The platform 
of the roaoway is formed of two thicknesses of plank. The 
first, 3 inches thick, is laid on the roadway-bearers and fastened 
to them. This is covered by a coating of patent felt soaked in 
boiling tar. The second is two inches thick and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
stirrups on the roadway-bearers and to the coupUng bolts of the 
main chains. 

The piers are 152 feet high above the hiffh-water level. They 
have an arched opening leading to the roadway, and the masses 
on the sides of the arch are built hollow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
■o great an oscillation to the main chains that they were dashed 
a^unst each other, and the rivet-heads of the bolts were broken 
on. To provide against similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
vals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmly connected with 
the exterior chains. Subsequently to tliis addition, a number of 
strong timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway, and all accessories, is stated at 643 tons, 15| 
cwt 

The Fribourg bridge of wire thrown across the valley of the 
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Sarine, opposite Fribourg, was erected in 1832 by M. Chaimfj % 
French engineer. 

Span . . . 870.32 feet. 
Versed sine . . 63.26 " 

There are 4 main cables, two on each side of the road, of the 
same elevation, and about \\ inch asunder. Each cable is com- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are finnly connected and brought to a cyUndrical shape by a spiral 
wire wrapping. The diameter of the cable varies from 5 to 5^ 
inches. The cables pass over 3 fixed pulleys on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing over a fixed pulley where they enter the mouth of^ the 
pit. 

The suspending-ropes are of wire a size smaller than that used 
for the cables. Their diameter is nearly 1 inch. They are 
formed with a loop at each end, fastened around a crupper-shaped 

[)iece of cast iron, that forms an eye to connect the rope with the 
look of the stirrup affixed to the roadway-bearers, and to a saddle- 
piece of wrought iron, for each rope, tliat rests on the two main 
cables. 

The roadway-bearers are of timber, being deeper in the centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ; they are placed about 6 feet between their centre hnes, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15| feet wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised above the surface of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the inner one of which is firmly secured to the roadway- 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through the top rail of the parapet. The roadway has a slight 
curvature from the centre to the two extremities, along the axis ; 
the centre point being from 18 inches to about 3 feet higher than 
tlie ends, according to the variations of temperature. The main 
cables at the centre are brought dowi nearly in contact with the 
roadway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces which are mortised into the two rails ; the 
whole being secured by the iron bolts that pass throuffh the road- 
way-bearers and the top rail. This combination of ue parapet 
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with the inclination towards the axis of the roadway given to the 
saspending-ropes, gives great stiffness to the roadway, and coun- 
teracts both lateral oscillations and longitudinal undulations. 

The piers consist of two pillars of solid masonry, about 66 feet 
high above the level of the roadway, which are united, at about 
33 feet above the same level, by a full centre arch, having a span 
of nearly 20 feet, and which forms the top of the gateway leaoing 
to the bridge. • 

Hungerford and Lambeth bridgey erected over the Thames 
upon the plans of Mr. Brunei. 

This bridge, designed for foot-passengers only, has the widest 
span of any chain bridge erected up to this period. 
Span . . . 676^ feet. 
Versed sine . . 50 " 

The main chains are 4 in number, two being placed on each 
side <£ the bridge, one above the other. These chains are formed 
entirely of long links of flat bars ; the links near the centre of the 
curve having alternately ten and eleven bars in each, and those 
near the piers alternately eleven and twelve bars. The bars are 
24 feet long, 7 inches in depth, and 1 inch thick. They are 
connected by coupling-bolts, 4| inches in diameter, which are 
secured at each end by cast-iron nuts, 8 inches in diameter, and 
2f inches thick. The extremity of each chain is connected with 
a cast-iron saddle-piece, by bolts which pass through the vertical 
ribs of the saddle-piece, of which there are 15. The bottom of 
the saddle rests on 50 friction-rollers, which are laid on a firm 
horizontal bed of cast iron. The saddle can move 18 inches 
horizontally, either way from the centre, and thus compensate 
for any inequality of strain on the main chains, either from a load, 
or from variations of temperature. 

The side main-chains are attached in like manner to the sad- 
dle, and anchored at the other extremity in an abutment of brick- 
work. The anchorage (Fig. 140) is arranged by passing the 




Fii^. 140— Shows the manner in which the 

ade main-chaiiw are anchored. 
A, inclined shaft for the chains leading to 

the arched chamber B oT the anchorage, 
a, a, two main-chains, paaed through the 

cast-iron holding-plate b and fastened 

behind it by keys. 
€, c. cross sections of the cast-iron giiden 

wiiich rstain k 



dudiur dmmgh a strong cast-iron plate, aod securing the ends of 
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the bars by keys. The anchoring-plate is retained in its place 
by two strong cast-iron beams, against which the strain upon the 
plate is tlirown. 
The suspending-rods (Fig. 141) are connected with both the 
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n^. 141— fihowB an eleva- 
tion M mid crow seetioB 
N of llie cxnmection be- 
tween the main-cbwoi 
and 8O0pending-rod8. 

a, a, upper main-chain. 

6, 6, jQiot of lower main- 
chain. 

c, Buspendins-rad with a 
forked head to receive the 
plate d, hung by stirrop- 
fltrapa e and/, reipective- 
Iv, to Uie oouphng-boltof 
the linkg and to the two 
boltfl^-, fastened to the sad- 
dle A on lop of the i 
main-chain. 



upper and lower main-chains ; to the upper by a saddle-piece 
and bolts, and to the coupUng-bolt of the lower by an arrange- 
ment of articulations, which allows an easy play to the rods ; at 
bottom (Fig. 142) they are connected by a joint with a bolt that 
fastens firmly the roaaway-timbers. 



Fig. 149— Shows an elevation of the roadwaj-timbeiB. 

a, Dottom longitudinal beam. 

b, b. roadway-bearen in paiiB. 

c, platform. 

d, top longitudinal beam forming the bottom rail of the patt- 




e, wAi, with a forked head to receive the end of the „^ 

rod, which is keyed beneath and secoies the beams, &c. 
gt wrought-iroQ horiiontal diagonal ties. 



The roadway-timbers consist of a strong longitudinal bottom 
beam, upon which the roadway-bearers are notched ; these last 
pieces are in pairs, the two being so far apart that the bolts con- 
necting with the suspending-rods by a forked head can pass be- 
tween them ; the flooring-piank is laid upon the roadway-bearers ; 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting bolt. 
Wrought-iron diagonal ties are placed horizontally below the 
flooring, to brace Uie whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre point 
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along the axis to the extremities, being 4 feet higher in the centre * 
than at the two last points. 

The piers are in the form of towers, resembling the Italian 
belfry. They are of brick, 80 feet high, and so constructed and 
combined with the top saddles, that they have to sustain no other 
strain than the vertical pressure from the main-chains. 

The whole weight of the structure, with an additional load of 
100 lbs. per square foot of the roadway, would throw about 1000 
tons on each pier. The tension on the chains from this load is 
calculated at about 1480 tons; while the strain they can bear 
without impairing their strength is about 5000 tons. 

Monongahela wire Bridge, This bridge, erected at Pittsburgh, 
Penn., upon plans, and under the superintendence of Mr. Roe- 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4^ inches in diameter, and by diagonal stays of wire rope, at 
tached to the same point of suspension as the cables, and con 
necting with different points of the roadway-timbers. The ends 
of the cables of each bay arc attached to pendulum-bars, by 
means of two oblique arms, which are united by joints to the 
pendulum-bars. These bars are suspended from the top of 4 
cast-iron columns, inclining inwards at top, which are there firmly 
united to each other ; and, at bottom, anchored to the top of a 
stone pier built up to the level of the roadway-timbers. The 
side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The front columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas- 
sengers. 

The frame-work of 4 columns on each side is firmly connected 
at top by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between the two frames, and a footpath between 
the two columns forming the fronts of each frame. 

The points of suspension of the cables are over the centre line 
of the footpaths ; and the cables are inclined so far inward that 
the centre point of the curve is attached just outside of the car- 
riage-way. The suspending-ropes have a like inward inclination, 
the object in both cases being to add stiffiiess to the system, and 
diminish lateral oscillations. 

The roadway con^ts of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearers are transversal 
beams in pairs, 35 feet long, 15 inches deep, and 4^ inches wide. 
They are attached to the suspending-ropes. The flooring con- 
sists of 2| inch plank, laid longitudinally over the entire roadway- 
surface ; and of a second thickness ot 2\ inch oak plank laid 
tnmsversely o*'er the carriage-way. 
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The parapet, which is on ihe principle of Town's lattice, e%- 
tends so far below the roadway-oearers that they rest and are 
notched on the lowest chord of the lattice. A second chord em« 
braces them on top, and finally a third chord completes the lattice 
at top. The object of adopting this form of parapet was to in- 
crease the resistance of the roadway to undulations. 

MOVEABLE BRIDGES 

624. The term moveable bridge is commonly applied to a 
platform supported by a frame-work of timber, or of cast iron, 
by n>eans of which a communication can be formed or inter- 
rupted at pleasure, between any two points of a fixed bridge, or 
over any narrow water-way. These bridges are generally de- 
nominated draw-bridges, but this term is now, for the most part, 
confined to those moveable bridges which can be raised or low- 
ered by means of a horizontal axis, placed either at one extremity 
of the platform, or at some intermediate point between tlie two 
ends, and a counterpoise which is so connected with the platform 
in either case, that the bridge can be easily manoeuvred by a 
small power acting through the intermedium of some suitable 
mechanism applied to the counterpoise. The term turning or 
swinging brieve is used when the bridge is arranged to turn 
horizontally around a vertical axis placed at a point between its 
two ends, so that the parts on each side of the axis balance each 
other ; and the term rolling bridge is applied when the bridge 
resting upon rollers can be shoved forward or backward horizon- 
tally, to open or interrupt the passage. 

To the above may be added another class of moveable bridges, 
used for the same purpose, which consist of a platform supported 
by a boat, or other buoyant body, which can be placea in or 
withdrawn from the water-way, as circumstances may require. 

625. Local circumstances will, in all cases, determine what 
description of moveable bridge will be best. If the vndth of the 
water-way is not over 24 feet, a single bridge may be used ; but 
for greater widths the bridge must consist of two synunetrical 
parts. 

626. Draw-bridges. When the horizontal axis of this de- 
scription of bridge is placed at the extremity of the platform, the 
bridge is manoeuvred by attaching a chain lm the other extremity, 
which is connected with a counterpoise and a suitable mechanism, 
by which the slight additional power required for raising the 
bridge can be applied. 

A number of ingenious contrivances have been put in practice 
for these purposes. They consist usually either of a counter- 
poise of invariable weight, connected with additional animal mo- 
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tire power, which acts with constant intensi^r hut with a rariabla 
ann of lever ; or of a counterpoise of Tariable weight, which is 
assisted by animal motive power acting with an invariable aim of 
lever. In some cases the bridge is worked with a less c<»npU- 
cated combination, by dispensing vnth a corniterpoisci and ap- 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Among the combinations of the first kind, the most simple 
consists in placing a framed lever (Fig. 143) revolving on a hori- 

Fig. 149-8howi the num- 
Mrof DMUKBaiTiiiga dimw 
bridge either by a fnuned 
kver, or by a eounterpoiee 
wpended from a si^ral 
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4r by a ehain paning over 
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k, chain for raising the 
bridge, one end of which 
k attached to the eztve- 
mity of the platform, and 
the other to the azie oT 
the eccentric. 
u ilzed pulley over which 
ibechainAiiiMnd. 
m. Wheel Axed to the aide 
of the eooentrio for the 
pntpoee of turning it bf 
meane of animal power 
applied to the endleM 
chain fi. 

sontal axis above the platform. The anterior part of tlie frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms the counterpoise, 
has chains attached to it by which the lever can be worked by 
men. 

When the locality does not admit of this arrangement, the 
chain attached to the moveable end of the platform may be con- 
nected with a horizontal axle above the platform, to which is also 
attached a fixed eccentric of a spiral shape, (Fig. 143,) connected 
with a chain that passes over its gorge and sustains a counter- 
poise of invariable weight. Upon the same axle an ordinaij 
wheel is hung, over the gorge of which passes an endless chain 
CO manoeuvre Uie bridge by animal power. 

Of the combinations ot variable counteipoises the i 
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of M. Poncelet, which has been successfully applied in man 
instances in France for the draw-bridges oi muitary woiks, ii 
one of the most simple in its arrangement and construction. The 
moTeable end of the platform (Fig. 144) is connected by a gcmu* 
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mon chain, that passes over the gorge of a wheel hung upon a 
horizontal shaft above the platform, with another chain of Tariable 
breadtliy formed of flat bar links, which forms the counterpoise. 
The chain counterpoise is attached at its other extremity to a 
fixed point in such a way, that when the platform ascends, a por- 
tion of thj3 weight of the chain is borne by this fixed point ; and 
thus the weight of the counterpoise decreases as the platform 
rises. The system is manoeuvred by an endless chain passed 
over the gorge of a wheel hung Upon the horizontal shaft. 

For lignt platforms a counterpoise may be dispensed with, and 
the bridge may be manoeuvred ov connecting the chain attached 
to the moveable end of the platiorm to a horizontal shaft, which 
is turned by the usual looth-work combinations. 

When the locality does not admit of manoeuvring the bridge by 
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a chain connected with some point above the. frame-work of the 
pbtforp».Fig. 145 is continued back, from tijro thirds to tbiaee 
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fi|i^ its length, from the face of the abutment, to fonn a coun- 
terpoise for the platform of the bridge. The horizontal axis of 
the bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is formed behind the abutment. 

The mechanism for working the bridge may consist of a chain 
and capstan below the platform-counterpoise, or of a suitable 
combination of tooth-work. 

In bridges of a single platform, the moveable extremity, when 
the bridge is lowered, rests on the opposite abutment, and no 
intermediate support will be required for the structure if the 
frame-work be of sufficient strength ; but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supported near their moveable ends, when the bridge 
is down, by struts moveable around the joint by which they are 
connected with the face of the abutments. These struts are 
so connected with the bridge that they are detached from it 
and drawn up when it is raised, and fall back into their places, 
abutting against blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the chains for 
working the bridge are relieved from a portion of the strain when 
the bridge is down, and it is also rendered more firm. 

When the counterpoise is formed by the rear part of the'plal- 
form, additional security may be given to the bndge when down 
by attaching two chains beneath the platform, and securing them 
to anchoring-points at the bottom of the well. In some cases a 
heavy bar, fitted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms wnen lowered should abut 
against each other, giving a slight elevation to the centre of the 
bridge. This not only gives greater stifihess, but is favorable to 
detaching the platforms when the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar? 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Turning-bridges. These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enouch back from the face of the abutment to 
place tlie side of the bridge, when brought round, just within this 
Face, The weights of the parts of the bridge around the shaft 
should balance each other. 

To. support and manoeuvre the bridge (Fig. 146) a circular 
ring, of iron,, or roller-way ^ of less diameter than the breadth of 
the bridge, and concentric with the vertical shafts is firmly im» 
bed4«l m masomy. Fixed roUers, in the shape of trunicated 
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eones, are attached at equal distances apart to the frame-woik of 
the platfonn beneath, and rest upon the roller-way. The biidgs 




Fig. HS— RcnrefeDto the airangeiiieDt of a Inniiof-bridffe. 
fl, piaifonii or the bridse. 

b, vertical poete to which the iron aCaya n^nvt attached, 
e, vertical shaft or gudseon on which the biidge tnm. 
o, 0, conical rollen. 

is worked by a suitably arranged tooth-work, or by a chain and 
capstan. In some cases cast-iron balls, resting on a grooved 
roller-way and fitting into one of corresponding shape fixed be* 
neath the platform, have been used for manoeuyring the biidge. 

The ends of the bridge are cut in the shape of circular arcs to 
fit recesses of a corresponding form in the abutments, so arranged 
as not to impede the play of the bridge. 

In double turning-bridges the two ends of the platforms which 
come togetlier should be of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is interrupted ; or else they may be arranged 
with a ball-and-socket joint at their lower extremity, so as to be 
brought round with the bridge. For the purpose of giving addi- 
tional strength and security to the bridge, iron stays are, in some 
cases, attached on each side of the platform near the extremities, 
and connected with vertical pdsts placed in a line with the verti- 
cal shaft. 

Turning-bridges may be made either of timber, or of cast iron ; 
the latter material is the more suitable, as admitting of more ac- 
curacy of workmanship, and not being liable to the derangements 
caused by the shrinking or warping of frame-work of tinker. 

j628. Kolling-bridges. These bridges are placed upon fixed 
rollers, so that they can be moved forward or backward, to inter- 
rupt, or open the communication across the water-way. The 
part of the bridiyre that resu upon the rollers, when the passage 
is closed, must form a counterpoise to the other. The meclum- 
ism usually employed for manoeuvring these bridges consists of 
tooth-work, and may be so arranged that it can be worked by 
one or more persons standing on the bridge. Instead of fixed 
rollers turning on axles, iron balls resting in a grooved rolkr-wty 
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may be used, a similar roller-way being affixed to the frame-work 
beneath. 

629. BoatJnidge, A moveable bridge of this kind may be 
made by placing a platform to form a roadway upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, or 
withdrawn from the water-way, as circumstances may require, a 
suitable recess or mooring being arranged for it near the water 
way when it is left open. 

A bridge of this character cannot be conveniently used in tidal 
waters, except at certain stages of the water, it may be em- 
ployed with advantage on canals in positions where a fixed bridge 
could not be placed. 

AQUEDUCT-BRIDGE& 

630. In aqueducts and aqueduct-bridges of masonry, for sup- 
plying reservoirs for the wants of a city, or for any other purpose, 
the volume of water conveyed being, generally speaking, small, 
the structure will present no peculiar difficulties beyond affording 
a water-tight channel. This may be made either of masonry, or 
of cast-iron pipes, according to the quantity of water to be deliv- 
ered. If formed of masonry, the sides and bottom of the channel 
should be laid in the most careful manner with hydraulic cement, 
and the surface in contact with the water should receive a coating 
of tlie same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced until the arches have been uncentred and the heavier 
parts of the structure have been carried up and have had time to 
settle. The interior spandrel-filling, to the level of the masonry 
wiiich forms the bottom of the water-way, may either be formed 
of solid material, of good rubble laid in hydrauUc cement, or of 
beton well settled in layers ; or a system of interior walls, like 
those used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
rest on. 

631. In canal aqueduct-bridges of masonry, as the volume of 
water required for the purposes of navigation is much greater 
than in the case of ordinary aqueducts, and as the stnicture has 
to be traversed by horses, every precaution should be taken to 
procure great solidity, and secure the work from accidents. 

Segment arches of medium span will ffenerally be found most 
suitable for works of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom line being 
horizontal, and the two sides receiving a slight batir ; its dimen- 
sions are usually restricted to allow the passage of a single boat 
al a time. On one side of the water-way a horse or tow path if 
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placed, and on the other a narrow footpath. The water-way 
should be faced with a hard cut-stone masonry, well bonded tc 
secure it from damage from the passage of the boats. The space 
between the facing of the water-way, termed the trunk ot the 

Sueduct, and the head-walls, is filled in with solid material, either 
rubble or of beton. 

A parapet-wall of the ordinary form and dimensions surmounts 
the tow and footpaths. 

The approach to an aqueduct-bridge from a canal is made by 
gradually increasing the width of the trunk between the wings, 
which, for this purpose, usually receives a curved shape, and 
narrowing the water-way of the canal so as to form a convenient 
access to the aqueduct. Great care should be taken to form a 
perfectly water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an 
aoueduct-brid^e, the abutments and piers should be built of stone. 
Tne trunk, which, if of cast iron, is formed of plates with flanclies 
to connect them, or, if of timber, consists of one or two thick- 
nesses of plank supported on the outside by a firaming of scant- 
ling, may be supported by a bridge-frame ot cast iron, or of tim- 
ber, or be suspended from chains or wire cables. 

The tow-path may be placed either within the water-way, or, 
as is most usually done, without. It generally consists of a sim- 
ile flooring of plank laid on cross-joists supported £rom beneatli 
y suiubly arranged frame-work. 

633. The following succinct descriptions of some of the aque- 
duct-bridges of the United States and of Europe are derived from 
authentic sources. 

Chirk Aqueduct'-bridge over the Ceriog. This work, built by 
Telford, consists of 10 full centre arches of masonry, of 40 feel 
span each. The water-way is only 1 1 feet wide and 5 feet deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feet 
in height, are built hollow for some distance below the top ; the 
facing being connected by cross-walls upon which the bottom 
of the water-way, formed of broad iron-nanched plates, and the 
masonry of the sides rest. 

Pont-jj'Cystile Aqueduct-bridge over the Dee. This is also 
one of Telford's early works. 1 he trunk is of cast-iron plates 
connected by flanches. These rest upon stone piers and upon a 
bridge-frame of cast iron consisting of four ribs of scdid panels. 
The span of the ribs is 46 feet and the rise 1\ feet. 

The breadth of the water-way is 11 feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the water-way, 
resting upon cast-iron uprights. 
... The; canal aqueduct-bric^es at Gu^tin over the AUier^ and at 
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Digoin upon the Ixfire, are among the more recent structures of 
this character in France.' They are both built upon the same 
plan, and of mixed masonry. The first has eighteen arches ; 
the second eleven. The span of each arch is 52^ feet, and the 
rise about 23 feet. The piers are about 10 feet thick at the im- 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that of the water-way about 16 feet. 

Rochester Canal AqueducUhridge. This is the most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United States. It consists of seven segment arches. Its water- 
way is of sufficient width for the passage of two boats, and is 
adapted to the enliugement of the Erie canal. The span of each 
arch is 52 feet; the rise 10 feet. The key-stone is 2 feet 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a batir of 2 inches in one foot. The depth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 1 1 feet in 
width at top, including the projection of the coping. The trunk 
at each extremity is gradually enlarged, in a curved shape, to the 
width of 55 feet, where it unites with the slopes of the water-way 
of the canal. 

This work is built throughout in a very strong and superior 
manner, of heavy blocks of gray lime-stone laid in hydraulic 
mortar. 

Potomac Canal Aqueductiridge. This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres, the span of each being 100 feet, 
and the rise 25 feet Every third pier forms an abutment-pier, 
and is 21 feet thick at the impost ; the others are only 12 feet 
thick at the same level. The piers have been built upon the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a tow-path, and the frsime-work for their 
support, has been substituted tor the stone arches. 

The trunk (Fiff. 147) is formed of a frame consisting of two 
parallel open-built beams, connected at bottom by parallel cross- 
joists and horizontal diagonal braces, which are sheathed on the 
interior with plank to form the water-way. 

Each of the open-built beams is composed of a top and bottom 
string, connectea by uprights that project above and below the 
strings, and by single diagoral braces placed between each pair 
of uprights. 

Tne tow-path is placed on the outside of the trunk, and con- 
ftists of a flooring laid upon cross-joists placed between one of the 
* " ' I of the tnink and a third parallel to it. 
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The exterior-built beam of the tow*path ii framed of 
■cantling than the other two. It is comiected with the built 





Fig. 147— RepnMiits a ctom welioii of the trank and tow-path of tbo 
Potomac canal aqnoduct-biidgo. 

A, inieriorof tnmk. 

B, tow-path. 

a, a, nprightfl of the open-boilt beamo on the iridea of tha timk. 

ft, nprifnt of the open-built beam of the tow-path. 

c. lower Htrinics ortho bniit beamo. 

a, upper strinff. 

e, cron-joieta on which the iheathing of the bottom of the tnmk rate. 

a, crov-joioto of the tow-path. 

m, ▼eitioal diagonal braoee between the ctqh joifti. 

/.parapet. 

beam of the trunk by every fourth cross-joist of the trunk, by the 
top cross-joists of tne flooring, and by vertical diagonal braces 
placed between each pair of top and bottom cross-joists. 

The uprights of the exterior-built beam of the tow-path pro- 
ject sufficiently high above the flooring to form a parapet. 

The frame-work of the trunk and tow-path is supported at 
intermediate points from beneath by inclined struts which abut 
against the faces of the piers at a point above the high-water 
level. 

The section of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ; and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprights 
of the built beams, and is on a level with the top of the sheathing. 
The exterior parapet is 3 feet 10 inches above the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on the uprights of the built beam, making 
the height of the capping on each side of the trunk 10 feet 4 
inches above the sheathing of the bottom. 

The frame-work of this structure is simple in its combinations 
and well arranged both for strength and stinhess. 

Wire Suspension Canal Aqueduct-bridge over the AUeghamf 
river at Pillsbnrgh. This novel work (Fig. 148) vnui pbmned 
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Fif . 14»-«liowi in elerati'm a poition of the ■tone lapiMifti, and a enm 
teetkn of the tnink, &c., of the Alleghany canal aqueduct-bridge. 

B, SipfMfta ofmaaonry on the pien for the wire caUee. 

C, interior of a portion of the tmnk. 

«, cros-JoifltB suspended from the cablet m by the bent sospending-ban n, 

on which the oottooi e of trunk rests. 
b, inclined struts in pain connected with the pieces e to support the sides d 

of the trunk. 
D| tow-path. 

s, cnwijoiBts of the tow-path, 
r, inclined supports of s. 
t and V, parapets. 
A, sleepeis on top of the pien on which the cr o ss J o i st s a rest 

and constructed by Mr. Roebling, through whom the following 
detailed description was obtained : 

'^ This work is formed of seven spans of 160 feet each from 
centre to centre of pier. The trunk is of wood and 1 140 feet 
long, 14 feet wide at bottom, 16} feet wide on top ; the sides 8} 
feet deep. These as well as the bottom are composed of a 
double course of 2} inch white-pine plank laid diagonally, the 
two courses crossing each other at right angles, so as to form a 
solid lattice-work ofgreat strength aiKi stiffness, sufficient to bear 
its own weight and resist the effects of the most violent storms. 
The bottom of the trunk rests upon transverse beams, arranged 
in pairs 4 feet apart ; between these the posts which support the 
sides of the trunk are let in with dove-tailed tenons, secured by 
bolts. The outside posts which support the side-walk and tow- 
path incline outwaros and are connected with the beams in a 
similar manner. Each trunk-post is held by two braces 2^x10 
inches, and connected with the outside posts by a double joist of 
2^x10. The trunk-posts are 7 inches square at the top and 
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7X14 at the heel. The transverse beams are 27 feet long, 16 
inches deep, and 6 inches wide ; the space between the two ad- 
joining is 4 inches. It will be obseryed that all parts of the 
frame, with the exception of the posts, are double, so as to admit 
the suspension-rods. Each pair of beams is supported on each 
side of the trunk by double suspending-rods ot 1} inch round 
bar-iron, bent in the shape of a stirrup, and mounted on a small 
cast-iron saddle, which rests on the cable. These saddles are on 
top of the cables connected by links, which diminish in size from 
the pier towards the centre. The sides of the trunk rest sohd 
against the bodies of masonry, which are erected on each pier 
and abutment as bases for the pyramids which support the cables. 
These pyramids, which are constructed of three blocks or courses 
of a durable coarse-grained hard mountain sand-stone, rise 5 feet 
above the level of the side-walk and tow-path, and measure 3x5 
feet on top, and 4 x6| feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space outside for the passage of 
the pyramids ; the ample width of the tow and footpath is there- 
fore contracted on every pier ; but this arrangement proves no 
inconvenience, and was necessary for the suspension of the cables 
next to the trunk. 

" As the caps which cover the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trunk-railing, they would 
obstruct the passage of the tow-line ; this however is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railing on each side of the 
pyramid. 

" The wire cables, which are the main support of the structure, 
are suspended next to the trunk, one on each side. Each of 
these two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constructed in one piece from shore to shore, 
1 175 feet long ; it is composed of 1900 wires of | inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of the wires. The oxidation of the 
wires is guarded against by a varnish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and continuous vnrapping, made of annealed wire and laid on by 
machinery in the most perfect manner. 

" The extremities of the cables on the aqueduct do not extend 
below ground, but connect with anchor-chains, which in a curved 
line pass through large masses of masonry, the last links occupy- 
ing a vertical position. The bars composing these chains aver- 
age 1^x4 inches, and are from 4 to 12 feet long; they are 
manufactured of boiler-scrap, and forged in one piece without a 
weld. The extreme links are anchored to heav^ cast-iron plates 
cf 6 feet square, which are held down by the fouiidatioaa, iqm 
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wbich the weight of 700 perches of masonry rests. The stability 
of this neit of the structure is fully insured, as the resistance of 
the ancnora^e is twice as great as the greatest strain to which the 
chains can ever be subjected. 

" The plan of anchorage adopted on the aqueduct varies mate- 
rially from those methods usually applied to suspension bridges, 
where an open channel is formed under ground for the passage 
of the chains. The chains below ground are imbedded and com- 
pletely surrounded by cement. In the construction of the ma- 
sonry tliis material and common lime-mortar have been abundantly 
applied. The bars are painted with red lead : their preservation 
is rendered certain by the known quality of calcareous cements to 
prevent oxidation. If moisture should find its way to tlie chains. 
It will be saturated with lime, and add another calcareous coat- 
ing to the iron. This portion of the work has been executed 
with scrupulous care, so as to render it unnecessary, on the part 
of those who exercise a surveillance over the structure, to examine 
it. The repainting of the cables every two or three years will 
insure their duration for a long period. 

'^ Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into corresponding recesses of the casting. Between 
these swells the cable is forcibly held down by thre^ sets of 
strong iron wedges, driven through openings which are cast in 
the sides of the saddle. During the raising of the frame-work, 
the several arches were firequently subjected to very unequal and 
considerable forces, which never disturbed the balance, and proved 
the correctness of previous calculations. The woodwork in any 
of the arches, separately, may be removed and substituted by new 
material, without aifecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 
was to form a wooden trunk, strong enough to support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com- 
bine this structure with wire cables, of a sufiicient strength to 
bear safely the great weight of water. 



" Table of Quantities on Aqueduct. 



Length of aquedaot without extensions 
Length of cables 
Length of cables and chains 
Diameter of cables 
Aggregate weight of both cables 
Section of 4 feet of water in trunk 
Total weight of water in aqueduct 
Do. do. in one span 

Weight of one span including all 
Aggragate number of wires in both oaUet 



1140 feet. 
1176 " 
1983 " 

7 inches. 
110 tons. 
59 superf. feel 
SlOO tons. 
S95 " 
490 ** 
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Affffregmte solid Mction of both cables ... 53 niperf. indi 

Do, do. aochor-chains 73 ** 

Deflection of cables 14 feet 6 inek 

Elevation from top of pyramids to top of piers . 16 ** 6 ** 

Weight of water in one span between piers 275 tons. 

Tension of cables resulting from this weight 399 ** 

Tension of one single wire S06 lbs. 

Average ultimate strength of one wire 1100 " 

Ultimate strength of cables 3000 tons. 

Tension resulting from weight of water upon 1 solid 

square inch of wire cable 14800 lbs. 

Tension resulting from weight of water upon 1 square 

inch of anchor-chains 11000 ^ 

Pressure resulting from water upon a pyramid . 1374 tonsi 

Do. upon one superficial foot 18400 lbs." 



See Vctt Au Appendix, 
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634. In establishing a line of internal commuDicatiQn of any 
character, whether it be an ordinary road, railroad, or canal, the 
main considerations to which the attention of the engineer must 
be directed in the outset are — 1, the probable character and 
amount of traffic oyer the line ; 2, the wants of the conununity 
in the neighborhood of the Une ; 3, the natural features of the 
country, between the points of arrival and departure^ as regards 
their adaptation to the proposed communication. 

As the last point alone comes exclusively within the province 
of the engineers art, and within the limits prescribed to this work, 
attention will be confined solely to its consideration. 

635. Reconnaissance. A thorough examination and study of 
the ground by the eye, termed a reconnaissance, is an indis* 

Eensable preliminary to any more accurate and minute survey 
y instruments, to avoid loss of time, as by this more rapid ope- 
ration any ground unsuitable for the proposed line will be as cer- 
tainly detected by a person of some experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a reconnaissance, a careful inspection of the 
general maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridge, the labors of the engineer ; as from the natural features 
laid down upon them, particularly the direction of the water- 
courses, he will at once be able to detect those points which will 
be favorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
— 1, that the water-courses are necessarily the lowest lines of 
the valleys through which they flow, and that their direction must 
also be that of the lines of greatest declivity of their respective 
valleys ; 2, that from the position of the water-courses the position 
also of the high grounds by which they are separated naturally 
follows, as well as the approximate position at least of the ridges, 
or highest lines* of the high grounds, which separate their opposite 
slopes, and which are at the same time die hues of greatest de- 
clivity common to these slopes, as the water-courses are the cor* 
responding lines of the slopes that form the valleys. 

Keeping these facts (which are susceptible of riffid mathemati- 
cal demonstration) in view, it will be practicable, from a careAil 
examination of an ordinary general map, if accurately constructed, 
aoC only to trace, with considerable accuracy, the general direc 
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tion of the ridges from haying that of the water-courses, but also 
to detect those depressions in them which will be favorable to the 
passage of a communication intended to connect two main or two 
secondary valleys. The following illustrations may serve to place 
this subject in a clearer aspect. 

If, for example, it be found that on any portion of a map the 
water-courses seem to diverge from or converge tovirards one point, 
it will be evident that the ground in the first case must be the 
common source or supply of the water-courses, and therefore the 
highest ; and in the second case that it is the lowest, and forms 
their common recipient. 

If two water-courses flow in opposite directions from a common 
point, it will show that this is the point from which they derive 
their common supply, at the head of their respective valleys, and 
that it must be fed by the slopes of high grounds above this point; 
or, in other words, that the valleys of the two water-courses are 
separated by a chain of high grounds, which, at the point where 
it crosses them, presents a depression in its ridge, which would 
be the natural position for a communication connecting the two 
valleys. 

If two water-courses flow in the same direction and parallel to 
each other, it will simply indicate a general inclination of the 
ridge between them, in the same direction as that of the water- 
courses. The ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the points in 
which the water-courses of the secondary valleys, on each side 
of it, intersect each other on it ; and these will be the lowest 
points at which lines of communication, through the secondary 
valleys, connecting the main water-courses, would cross the divi- 
ding ridge. 

If two water-courses flow in the same direction, and parallel 
to each other, and then at a certain point assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
tweeen them. 

If two water-courses flow in parallel but opposite directions, 
depressions in the ridge between them will be shown by the 
meeting of tlie water-courses of the secondary valleys on the 
ridge ; or by an approach towards each other, at any point, of 
the two principal water-courses. 

Furnished with the data obtained from the maps, the character 
of the ground should be carefully studied both ways by the en 
gineer, nrst from the point of departure to that of arrival, and then 
returning from the latter to the former, as without this double 
tiaverse natural features of essential importance might escape 
the eye. 

086. Surveys: Fnmi the results of the recimiiflissance^ tte 
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engineer will be able to direct understandingly the requisite sur 
reySy which consist in measurinf the lengths, determininff the 
directions, and ascertaining both the longitudinal and cross levels 
of the different routes, or, as they are termed, trial lines^ with 
suiGcient accuracy to enable him to make a comparative estimate 
both of their practicability and cost. As the expense of making 
the requisite surveys is usually but a small item compared with 
that of constructing tlie communication, no labor should be spared 
m running every practicable line, as otherwise natural features 
might be overlooked which might have an important influence on 
the cost of construction. 

637. Map and Memoir. The results of the surveys are ac- 
curately embodied in a map exhibiting minutely the topographical 
features and sections of the different trial lines, and in a memoir 
which should contain a particular description of those features of 
the ground that cannot be shown on a map, with all such infor- 
mation on other points that may be regarded as favorable, or 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, that of the water-courses met with, (kc, &;c, 

638. Location of common Roads. In selecting among the 
different trial-lines of the survey the one most suitable to a com- 
mon road, the engineer is less restricted, from the nature of the 
conveyance used, than in any other kind of communication. The 
main points to which his attention should be confined are — 1, to 
connect tlie points of arrival and departure by the most direct, or 
shortest line ; 2, to avoid unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to tlie smallest 

!>racticable limit ; 3, to adopt such suitable slopes, or gradients, 
or the axis, or centre line of the road, as the nature of the con- 
veyance may demand ; 4, to give the axis such a position, with re- 
gard to the surface of the ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankments required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from the right line drawn on the map, between 
the points of arrival and departure, will be often demanded by the 
natural features of the ground. In passing the dividing ndges 
of main, or secondary vSleys, for example, it will frequently be 
found more advantageous, both for the most suitable gradients, 
and to diminish the amount of excavation and embankment, to 
cross the ridge at a lower point than the one in which it is inter- 
sected by the right hne, deviating from the right line either 
towards the head, or upper part of the valley, or towards its out- 
let, according to ^e amranta^es presented by the natural features 
of the ground, both for reducing the gradients and the amount of 
eacafation and embankment. 
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Where the right line intersects either a marsh, or water-coarte, 
it may be found less expensive to change the direction, aToiding 
the marsh, or intersecting the water-course at a point where the 
cost of construction of a bridge, or of the approaches to it, will 
be more favorable than the one in which it is intersected by the 
right line. 

Chanffes from the direction of the right line may also be fa- 
vorable tor the purpose of avoiding the intersection of secondary 
water-courses ; of gaining a better soil for the roadway ; of giv- 
ing a better exposure of its surface to the sun and wind ; or of 
procuring better materials for the road-covering. 

By a careful comparison of the advantages presented by these 
different features, the enffineer will be enabled to decide how far 
the general direction of the right line may be departed from with 
advantage to^he location. By choosing a more sinuous course the 
length of the line will often not be increased to any very consider- 
able de^e, while the cost of construction may be greatly re- 
duced, either in obtaining more favorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When tlie points of arrival and departure are upon dif- 
ferent levels, as is usually the case, it will seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of considferable 
secondary valleys which mi^ht require any considerable ascent 
on one side and descent on the other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the state 
in which the road-surface is kept. The gradient in all cases 
should be liess than the angle of repose^ or of that inclination of 
the axis of the road in which the ordinary vehicles for transporta- 
tion would remain at a state of rest, or, if placed in motion, would 
descend by the action of gravity with uniform velocity. 

The gradients corresponding to the angle of repose have been 
ascertained by experiments made upon the various road-coverings 
in ordinary use, by allowing a vehicle to descend alonff a road 
of variable inclination until it was brought to a state of rest by 
the retarding force of friction ; also, by ascertaining the amount of 
force, termed the force of traction, requisite to put in motion a 
vehicle with a given load on a level road. 

The following are the results of experiments made by Mr. 
Macneill, in England, to determine the force of traction for (me 
ton upon level roads. 
No. 1. Good pavement, the force of traction is 3d Ibs^ 

*' 2. Broken stone siirface laid on an old flint road 66 ** 

" 3. Gravel road 147 ** 



ROADS. 381 

No. 4. Broken-stone surface on a rough payement 

bottom 46 lbs. 

** 5. Broken-stone surface on a bottom of beton . 46 ^' 

From this it appears that the angle of repose in the first case 
18 represented by t||v» or j\ nearly; and that the slope of 
the road should therefore not be greater than one perpendicular 
to sixty-eight in length ; or that the height to be overcome must 
not be greater than one sixty-eighth of the distance between the 
two points measured along the road, in order that the force of 
friction may counteract tlmt of gravity in the direction of the 
road. 

A similar calculation will show that the angle of repose in the 
other cases will be as follows : 

No. 2, . . . . 1 to . . .35 nearly. 
"3, . . . . 1 to . . . 16 " 
" 4 and 5, . . . 1 to . . . 49 " 

These numbers, which give the angle of repose between ^'j 
and rV ^o^ ^^ kinds of road-covering Nos. 2 and 4 in most or- 
dinary use, and corresponding to a road-surface in good order, 
may be somewhat increased, to from f\ to ^V* ^^r me ordinary 
state of the surface of a well-kept road, without there being any 
necessity for applying a brake to the wheels in descending, or 
going out of a trot ir ascending. The steepest gradient that can 
be allowed on roads with a broken-stone covering is about tV> &s 
this, from experience, is found to be about the angle of repose 
upon roads of this character in the state in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
walk his usual load for a level without requiring the assistance 
of an extra horse ; and experience has farther shown that a horse 
at the usual walking pace will attain, with less apparent fatigue, 
the summit of a graaient of j\ in nearly the same time that he 
would require to reach the same point on a trot over a gradient 

ofjV 

A road on a dead level, or one with a continued and uniform 
ascent between the points of arrival and departure, where they lie 
upon different levels, is not the most favorable to the draft of the 
horse. Each of these seems to fatigue him more than a Une of 
alternate ascents and descents of slight gradients ; as, for exam- 

fue, gradients of 7^7, upon which a horse will draw as heavy a 
oad with the same speed as upon a horizontal road. 

The gradients should in all cases be reduced as far as prac- 
ticable, as the extra exertion that a horse must put forth in over- 
cumin^ heavy gradients is very considerable ; they should as a 
Scnersd rule, therefore, be kept as low at least as ^'j, wherever 
le ground wHl admit of it. This can generally be effected, even 
iia aicending ste^p faiU-sideS| by giving the axis of the road a aqg- 
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zag direction, connecdnfl the straight portions of the zigzags hj 
circulai arcs. The grad'ents of the curved portions of the zig- 
zags should be reduced, and the roadway also at these points be 
widened, for the safety of vehicles descending rapidly. The 
width of the roadway may be increased about one fourth, when 
the angle between the straight portions of the zigzags is from 
120*^ to 9(f; and the increase should be nearly one half where 
the angle is from 90° to 60''. 

642. Having laid down upon the map the approximate location 
of the axis of the road, a comparison can then oe made between 
the solid contents of the excavations and embankments, which 
should be so adjusted that they shall balance each other, or, in 
other words, the necessary excavations shall furnish sufficient 
earth to form the embankments. To effect this, it will frequently 
be necessary to alter the first location, by shifting the position of 
the axis to the right or left of the position first assumed, and also 
by changing the gradients within the prescribed limits. This 
is a problem of very considerable intricacy, whose solution can 
only be arrived at by successive approximations. For this pur- 
pose, the line must be subdivided into several portions, in each 
of winch the equalization should be attempted independently of 
the rest, instead of trying a general equalization for the whole 
line at once. 

In the calculations of solid contents required in balancing the 
excavations and embankments, the most accurate method consists 
in subdividing the different solids into others of the most simple 
geometrical forms, as prisms, prismoids, wedges, and pyramids, 
whose solidities are readily determined by the ordinary rules for 
the mensui-ation of solids. As this process, however, is frequently 
long and tedious, other methods requiring less time but not so 
accurate, are generally prefened, as their results give an approx- 
imation sufficiently near the true for most practical purposes. 
They consist in taking a number of equidistant pcofiles, and cal- 
culating the solid contents between each pair, either by multiply- 
ing the half sum of their areas by the distance between them, or 
else by taking the profile at the middle point between each pair, 
and multiplying its area by tiie same length as before. The 
latter metliod is the ir.orc expeditious ; it gives less than the true 
solid contents, but a nearer approximation than the former, which 
gives more than the true solid contents, whatever may be the 
form of the ground between each pair of cross profiles. 

In calculating the solid contents, allowance must be made for 
the difference in bulk between the different kinds of earth when 
occupying their natural bed and when made into embankment 
From some careful experiments on this point made by Mr. ElwooO 
Morris, a civil engineer, and published in the, Franklin JounuU. 
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it appears that light sandy earth occupies tlic same space both in 
excavation and embankment ; clayey earth about one tenth lesft 
in embankment than in its natural bed ; gravelly earth also about 
one twelftli less; rock in larse fragments about five twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determining the lead^ or the mean distance to which the 
earth taken from the excavations must be carried to form the 
embankments. From the manner in which the earth is usually 
transported from the one to the other, this distance is usually that 
between the centre of gravity of the solid of excavation and 
that of its corresponding embankment. Whatever disposition 
may be made of the solids of excavation, it is important, so far 
as the cost of their removal is concerned, that the lead should be 
the least possible. The solution of the problem under this point 
of view will frequently be extremely intricate, and demand the 
application of all the resources of the higher analysis. One gen- 
eral principle however is to be observed in all cases, in order to 
obtain an approximate solution, which is, that in the removal of 
the different portions of the solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excavation 
and embankment by vertical planes in the direction of the re- 
moval, and by removing the partial solids between the planes 
within the boundaries marked out by them. 

644. The definitive location having been settled by a^ain going 
over the line, and comparing the features of the ground with th« 
results furnished by the preceding operations, general and de^ 
tailed maps of the different divisions of the definitive location are 
prepared, which should give, with the utmost accuracy, the lon^ 
gitudinal and cross sections of the natural ground, and of the ex* 
cavations and embankments, with the horizontal and vertical 
measurements carefully written upon them, so that the superin- 
tending engineer may have no difficulty in setting put the work 
from tnem on the ground. 

In addition to these maps, which are mainly intended to guide 
the engineer in regulating the earth-work, detailed drawings of the 
road-covering, of the masonry and carpentry of the bridges, cul- 
verts, dec, accompanied by written specifications of the manner 
in which the various kind of work is to be performed, should be 
prepared for the guidance both of the engineer and workmen. 

M5. With the data furnished by the maps and drawings, the 
engineer can proceed to set out the line on the ground. The 

' of the road is determined by placing stout stakes, or picketi^ 
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at equal intenrals apart, which are numbered to conrespond with 
the same points on the map. The width of the roadway and the 
lines on the ground corresponding to the side slopes of the exca- 
vations and embankments, are laid out in the same manner, by 
stakes placed along the lines of the cross profiles. 

Besides the numbers marked on the stakes, to indicate their 
position on the map, other numbers, showing the depth of the 
excavations, or the height of the embankments from tne surface 
of the ground, accompanied by the letters Cut. Fill, to indicate a 
cutting, or 2l filling, as the case may be, are also added to guide 
the workmen in their operations. The positions of the stakes on 
the ground, which sliow the principal points of the axis of the 
road, should, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their bearings and distances from any fixed 
and marked objects in their vicinity, in order that the points may 
be readily found should the stakes be subsequently misplaced. 

646. Earth-'Work. This term is applied to whatever relates to 
the construction of the excavations ana embankments, to prepare 
them for receiving the road-covering. 

647. In forming the excavations, the inclination of the side 
slopes demands peculiar attention. This inclination will depend 
on the nature of the soil, and the action of the atmosphere and 
internal moisture upon it. In common soils, as ordinary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, although the side slopes would withstand 
very well the effects of the weather with a greater inclination, it 
is best to give them two base to one perpendicular ; as the sur- 
face of the roadway will, by this arrangement, be well exposed 
to the action of the sun and air, which will cause a rapid evapo- 
ration of the moisture on the surface. Pure sand and gravel may 
require a greater slope, according to circumstances. In all cases 
where the depth of Uie excavation is great, the base of the slope 
should be increased. It is not usual to use any artificial means 
to protect the surface of the side slopes from the action of the 
weather ; but it is a precaution which, in the end, will save much 
labor and expense in keeping the roadway in good order. The 
simplest means which can be used for this purpose, consist in cov- 
ering the slopes with good sods, (Fig. 149,) or else with a layer 

Fi^. 14A— Grm MetMn of a md 
in ezeaYtttion. 

A, Tood-fluifaoe. 

B, aide ikpM. 

C, top Bonaoe-diAin. 

of vegetable mould about four inches thick, carefully laid and 
sown with grass seed. These means will be amply sufficient to 
protect the side slopes from injury when they are not exposed to 
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uiy other causes of deterioration than the wash of the rain, and 
the action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to slips, they are sometimes formed with horizontal offsets, 
termed benches^ which are made a few feet wide and have a ditch 
on the inner side to receive the surface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will be well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent the wash of the slopes from 
being carried into the roadway. 

A covering of brush wood, or a thatch of straw, may also be 
used with good effect ; but, iirom their perishable nature, they 
will require frequent renewal and repairs. 

In excavations through solid rock, which does not disintegrate 
on exposure to tlie atmosphere, the side slopes might be made 
perpendicular ; but as tliis would exclude, in a great decree, the 
action of the sun and air, which is essential to keeping the road- 
surface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
according to tlie locality; the inclination of die slope on the 
soutli side in northern latitudes being greatest, to exjKise better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost. The side 
slopes in rocks of this cliaracter maybe cut into steps, (Fig. 150,) 




and then be covered by a layer of vegetable mould sown in grass 
seed, or else the earth may be sodded in the usual way. 

648. The stratified soils and rocks, in which the strata have a 
dip, or inclination to the horizon, are liable to slips, or to give 
way by one stratum becoming detached and sliding on another ; 
which is caused either from the action of frost, or from the pres- 
sure of water, which insinuates itself between the strata. The worst 
soils of tliis character are those formed of alternate strata of clay 
and sand ; particularly if the clay is of a nature to become semi- 
fluid when mixed with water. The best preventives that can be 
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fesorted to in these cases, are to adopt a thorough system of 
drainage, to prevent the surface-water of the ground from run 
ning down the side slopes, and to cut off all springs which run 
towards the roadway from the side slopes. The surface-water 
may be cut oiF by means of a single ditch (Fig. 149) made on 
the up-hill side of the road, to catch the water oefore it reaches 
the slope of the excavation, and convey it off to the natural 
water-courses most convenient ; as, in almost every case, it will 
be found that the side slope on the dovni-hill side is, compara- 
tively speaking, but slishtly affected by the surface-water. 

Where slips occur nrom the action of springs, it frequently 
becomes a very difficult task to secure the side slopes. If the 
sources can be easily reached by excavating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side slopes. The fascines may be covered on top with good 
sods laid with the grass side beneath, and the excavation made 
to place the drain be filled in with good earth well rammed. 
Drains formed of broken stone, covered in like manner on top 
with a layer of sod to prevent the drain from becoming choked 
with earth, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excavating trenches a few feet wide at inter- 
vals to the depth of some feet into the side slopes, and filling 
them with broken stone, or else a general drain ot broken stone 
may be made throu^out the whole extent of the side slope by 
excavating into it. When this is deemed necessary, it will be 
well to arrange the drain like an inclined retainin^-wall, with 
buttresses at intervals projecting into the earth farmer than the 
general mass of the dram. The front face of the drain should, in 
Uiis case, also be covered with a layer of sods with the grass side 
beneath, and upon this a layer of good earth should be compactly 
laid to form the face of the side slopes. The drain need only be 
carried high enough above the foot of the side slope to tap all the 
sources ; and it should be sunk sufficiently below the roadway- 
surface to give it a secure footing. 

The drainage has been effected, in some cases, by sinking 
wells or shafts at some distance behind the side slopes, from the 
top surface to the level of the bottom of the excavation, and lead- 
ing the water which collects in them by pipes into drains at the 
foot of the side slopes. In others a narrow trench has been ex- 
cavated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
with broken stone, or else by arranging an open conduit at the 
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bottom to receiye the water collected, over which a layer of 
brushwood is laid, the remainder of the trench being filled with 
broken stone. 

In some recent instances in England, the side slopes of very 
bad soils have been secured by a facing of brick arranged in a 
manner very similar to the method resorted to for securing the 
perpendicular sides of narrow deep trenches by a timber-facing. 
The plan pursued is to place, at intervals along the excavation, 
strong buttresses of brick on each side, opposite to each other, 
and to connect them at bottom by a reversed arch. Between 
these buttresses are placed, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a like inverted arch. The buttresses, secured in this way, 
serve as piers for vertical cylindrical arches, which form the 
facing ana support the pressure of the earth between the but- 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 




should be made with a less inclination than tliat which the earth 
naturally assumes ; for the purpose of giving them greater dura- 
bility, and to prevent the width of the top surface, dong which 
the roadway is made, from diminishing by every change in the 
side slopes, as it would were they made with the natural slope 
To protect the side slopes more effectually, they should be sod 
ded, or sown in grass seed ; and the surface-water of the top 
should not be allowed to run down them, as it would soon wasn 
them into gullies, and destroy the embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad- 
vantageously substituted for the side slopes. 

To prevent, as far as possible, the settling which takes place 
in embankments, they snould be formed with great care ; the 
earth being laid in successive layers of about four feet in thick- 
ness, and each layer well settled with rammers. As this method 
is very expensive, it is seldom resorted to except in works which 
require great care, and are of trifling extent. For extensive 
works, me method usually followed on account of economy, is 
to embank out from one end, ::arrying forward the work on a 
level with the top surface. In this case, as there must be a want 
of compactness in the mass, it would be best to form the outsides 
of the embankment first, and to gradually fill in towards the cen- 
tre, in order that the earth may arrange itself in layers with a dip 
from the sides inwards ; this will in a great measure counteract 
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any tendency to slips outward. The foot of the sieves shoaM 
be secured by buttressing them either by a low stone wall, or 
by forming a slight excavation for the same puipose. 

650. When we axis of the roadway is laid out on the side 
slope of a hill, and the road-surface is formed partly by excava- 
ting and partly by embanking out, the usual and most simple 
method is to extend out the embankment gradually along the 
whole line of excavation. This method is insecure, and no pains 
therefore should be spared to give the embankment a good foot- 
ing on the natural surface upon which it rests, particularly at the 
foot of the slope. For this purpose the natural surface (Fig. 152) 




should be cut into steps, or offsets, and the foot of the ^lope be 
secured by buttressing it against a low stone wall, or a small 
terrace of carefully rammed earth. 

In side-formings along a natural surface of great inclination, 
the method of construction just explained will not be sufficiently 
secure ; sustaining-walls must be substituted for the side slopes, 
both of the excavations and embankments. These walls may be 
made simply of dry stone, when the stone can be procured in 
blocks of sufficient size to render this kind of construction of 
sufficient stability to resist the pressure of the earth. But 
when the blocks of stone do not o£fer this security, they must 



Fif . 153— CroflB section of a road i 
■ide-formmg. 

A, filling. 

B, BQBtaining-wall cf ftUing. 

C, biea0t-waU of cutting. 

D, parapet-wall of footpath. 



oe laid in mortar, (Fig. 153,) and hydrauUc mortar is the onlf 
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kind which will form a safe construction. The wall which sup- 
plies the slope of the excavation should be carried up as high as 
the natural surface of the ground ; the one that sustains the em- 
bankment should be built up to the surface of the roadway ; and 
a parapet-wall should be raised upon it, to secure vehicles from 
accidents in deviating from the line of the roadway. 

A road may be constructed partly in excavation and partly in 
embankment along a rocky ledge, by blasting the rock, when the 
inclination of the natural surface is not ^eater than one perpen- 
dicular to two base ; but with a greater mclination than tnis, the 
whole should be in excavation. 

651. There are examples of road constructions, in localities 
like the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and are sustained at the other by an inclined 
stmt underneath, which rests against the rock in a shoulder 
formed to receive it. 

652. When the excavations do not furnish sufficient earth for 
the embankments, it is obtained from excavations, termed side- 
cuttings^ made some place in the vicinity of the embankment, 
from which tlie eartli can be obtained witli the mogt economy. 

If the excavations furnish more earth than is required for the 
embankment, it is deposited in what is termed spoil-hank^ on the 
side of the excavation. The spoil-bank should be made at some 
distance back from the side slope of the excavation, and on the 
down-hill side of the top surface ; and suitable drains should be 
arranged to carry off any water that might collect near it and af- 
fect the side slope of the excavation. 

The forms to be given to side-cuttings and spoil-banks will 
depend, in a great degree, upon the locaUty : they should, as far 
as practicable, be such that the cost of removal of the earth shall 
be least possible 

653. Drainage. A system of thorough drainage, by which 
the water that filters through the ground will be cut off irom the 
soil beneath the roadway, to a depth of at least three feet below 
the bottom of the road-covering, and by which that which falls 
upon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface-water is conveyed off by giving the surface of the 
roadway a sUght transverse convexity, from the middle to the 
sides, where the water is received into the gutters, or side chan* 
nelSf from which it is conveyed by underground aqueducu, termed 
culverts, built of stone or brick and usually arched at top, into 
iie main drains that communicate with the natural water-courses. 
This convexity is regulated by making the figure of the [Hrofile 
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an ellipse, of which the semi-transyerse axis is 15 feet, and the 
Bemi-conjugate axis 9 inches ; thus placing the middle of the 
roadway nine inches above the bottom of the side channels. This 
convexity, which is as great as should be given, will not be suffi 
cient in a fiat country to keep the road-sunace dry ; and in such 
localities, if a slight longitudinal slope cannot be given to the 
road, it should be raised, when practicable, three or four feet 
above the general level ; both on account of conveying off speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in* a level country, 
ditches, termed open side drains^ (Fig* 1^>) &fc made paialld 




Fig. 154— CroH section of broken-fltone raad-oorerliig. 

A, road-surface. 

B, side channels. 

C, footpath. 

D, covered drains, or culverts, leading from side channels to the side drains EL 

to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the road- 
covering ; their size will depend on the nature of the soil to be 
drained. In a cultivated country the side drains should be on the 
field side of the fences. 

As open drains would be soon filled along the parts of a road 
in excavation, by the washings from the side slopes, covered 
drains, built either of brick or stone, must be suostituted for 
ihem. These drains (Fig. 155) consist simply of a flooring of 



Fig. 155— Crm section of a covered drain. 
A, drain. 

a, a, side walls. 

b, top stones. 

c, bottom stones. 

a , broken stone or large gmvel laid om bnah. 



flagging stone, or of bricR, with two side walls of rubble, or brick 
masonry, which support a top covering of flat stones, or of brick, 
with open joints, oi about naif an inch, to give a free passage 
way to the water into the drain. The top is covered with a layer 
of straw or brushwood ; and clean gravel, or broken stone, in 
small fragments, is laid over this, for the purpose of allowing die 
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water to filter freely through to the drain, without carrying with it 
any earth or sediment, which might in time accumulate and choke 
it. The width and height of covered drains will depend on the 
materials of which they are built, and the quantity of water to 
which they yield a passage. 

Besides the longitudinal covered drains in cuttings, other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains. Their plan is in shape like the letter V, the 
angular point being at the centre of the road, and pointing in the 
direction of its ascent. The angle should be so regulated that 
the bottom of the drain shall not have a greater slope along either 
of Its branches, than one perpendicular to one hundred base, to pre- 
serve the masonry from damage by the current The construc- 
tion of mitre drains is the same as the covered longitudinal drains. 
They should be placed at intervals of about 60 yards from each 
other 

In some cases surface drains, termed catch-water drains^ are 
made on the side slopes of cuttings. They are run up obliquely 
along the surface, and empty directly into the cross drains whicn 
convey the water into the natural water-courses. 

When the roadway is in side-forming, cross drains of the or- 
dinary form of culverts are made, to convey the water from the 
side channels and the covered drains into the natural water- 
courses. They should be of sufficient dimensions to convey off 
a large volume of water, and to admit a man to pass through 
them so that they may be readily cleared out, or even repaired, 
without breaking up the roadway over tliem. 

The only drains required for embankments are the ordinary 
side channels of the roadway, with occasional culverts, to convey 
the water from them into the natural water-courses. Great care 
should be taken to prevent the surface-water from running down 
the side slopes, as they would soon be washed into gullies by it. 

Very wet and marshy soils require to be thoroughly drained 
before the roadway can be made with safety. The best system 
that can be followed in such cases, is to cut a wide and deep open 
main-drain on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made at 
frequent intervals, to drain the soil under tlie roadway. They 
should be sunk as low as will admit of the water running from 
them into the main drains, by giving a slight slope to the bottom 
each way from the centre of the road to facilitate its flow. 

Independently of tlie drainage for marshy soils, they will re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-covering. This bed may, in some cases, be 
formed by simply removing the upper stratum to a depth of sev* 
era! feet» and supplying its place with well-packed gravel, or any 
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soil of a firm character. In other cases, when the subsoil yields 
readily to the ordinary pressure that the road»surface must bear, 
a bed of brushwood, from 9 to 18 inches in thickness, must be 
formed to receive the soil on which the road-covering is to rest 
The brushwood should be carefully selected from tlie long straight 
slender shoots of the branches or undergrowth, and be tied up in 
bundles, termed fascines, from 9 to 12 inches in diameter, and 
from 10 to 20 feet long. The fascines are laid in alternate layers 
crosswise and lengthwise, and the layers arc either connected by 
pickets, or else the withes, with which the fascines are bouno, 
are cut to allow the brushwood to fonn a uniform and compact 
bed. 

This method of securing a good bed for structures on a weak 
wet soil has been long practised in Holland, and experience has 
fully tested its excellence. 

654. Road-coverings. The object of a road-covering being 
to diminish the resistances arising from collision and friction, 
and thereby to reduce the force of traction to the least prac- 
ticable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
surface. 

The material in ordinary use for road-coverings is stone, either 
in the shape of blocks of a regular form, or of large round peb- 
bles, termed a pavement ; or broken into small angular masses ; 
or in the form of gravel. 

655. Pavements, The pavements in most general use in our 
country are constructed of rounded pebbles, known as paving 
stones, varying from 3 to 8 inches in diameter, which are set in a 
/(w-m, or bed of clean sand or gravel, a foot or two in thickness, 
which is laid upon the natural soil excavated to receive the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefully set in the form, in close contact with each 
other, and are then firmly settled by a heavy rammer until their 
tops are even with the general surface of the roadway, which 
should be of ^a slightly convex shape, having a slope of about ^^ 
from the centre each way to the sides. After the stones are 
driven, the road-surface is covered with a layer of clean sand, or 
fine gravel, two or three inches in thickness, which is gradually 
worked in between the stones by the combined action of the 
travel over the pavement and of the weather. 

The defects ofpebble pavements are obvious, and confirmed 
by experience. Tne form of sand or gravel, as usually made, is 
not sufficiently firm ; it should be made in separate layers of 
about 4 inches, each layer being moistened and well settl^ either 
by ramming, or passing a heavy roller over it. Upon the form 
prepared in this way a layer of loose material of two or three 
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inches in thicknesis may be placed, to receive the ends of the 
paring stones. From the form of the pebbles, the resistance to 
traction arising from collision and friction is very great. 

Pavements termed stone tramways have been tried in some of 
the cities of Europe, both for light and heavy traffic. ' They are 
formed by laying two lines of long stone blocks for the wheels to 
run on, with a pavement of pebble for the horse-track between 
the wheel-tracks. In crowded thoroughfares tramways offer but 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to heavy traffic they wear into ruts. 
The stone blocks should be carefully laid on a very firm bottoming, 
and particular attention is requisite to prevent ruts from forming 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be hard and tough, and 
not wear smooth under the action to which it is exposed. Some 
varieties of granite have been found in England to furnish the 
best paving blocks. In France, a very fine-erained compact gray 
sandstone of a bluish cast is mostly in use tor the same purpose, 
but it wears quite smooth. 

The sand used for forms should be clean and free firom peb- 
bles and gravel of a larger grain than about two tenths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers of about four inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron roller. Upon the top layer about an inch of loose sand may 
be spread to receive the blocks ; the joints between which, after 
they are placed, should be carefully filled with sand. 

The sand form, when carefully made, presents a very firm and 
stable foundation for the pavement. 

Wooden pavements, formed of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as the material has been found to decay very rapidly, 
even when prepared vrith some of the preservatives of timber 
against the rot. 

Asphaltic pavements have undergone a like trial, and have also 
been found to fail after a few years service. This material is 
farther objectionable as a pavement in cities, where the pave- 
ments and sidewalks have frequently to be disturbed for the 
purposes of repairing, or laying down sewers, water-pipes, and 
other necessary conveniences for a city. 

The best system of pavement is that which has been partially 
put in practice in some of the commercial cities of England, the 
idea 01 which seems to have been taken from the excellent mili- 
tary roads of the Romans, vestiges of which remain at the pieaent 
day in a good state. 
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In constructing this pavemeut, a bed (Fig. 156) is first pre- 
pared, by removing the surface of the soil to the depth of a foot 
or more, to obtain a firm stratum ; the surface of this bed re- 




Fig. 156— PaTed road-coveriiig. 

A, pavement 
C, curb-«toDe. 

B, flagging of ak!e>WB]lr. 

ceives a very slight convexity, of about two inches to ten feet, 
from the centre to the sides of the roadway. If the soil is of a 
soft clayey nature, into which small fragments of broken stone 
would be easily worked by the wheels of vehicles, it should be 
excavated a foot or two deeper to receive a form of sand, or of 
clean fine gravel. On the surface of the bed thus prepared, a 
layer of small broken stone, four inches thick, is laid ; the di- 
mensions of these fragments should not be greater than two and 
a half inches in any direction ; the road is then opened to vehicles 
until this first layer becomes perfectly compact ; care being taken 
to fill up any ruts with fresh stone, in order to obtain a uniform 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ; and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean gravel, 
two and a half inches thick, is spread evenly over it to receive 
the paving stones. The blocks of stone are of a square shape, 
and of different sizes, according to the nature of the travelling 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twelve inches long ; the smallest are six inches 
thick, five inches broad, and ten inches Ions. Each block is 
carefully settled in the form, by means of a heavy beetle ; it is 
then removed in order to cover the side of the one a^nst which 
it is to rest with hydraulic mortar ; this being done, the block is 
replaced, and properly adjusted. The blocks of the different 
courses across the roadway should break joints. The surface of 
the road is convex ; the convexity being determined by making 
the outer edges six inches lower than the middle, for a width oi 
thirty feet. 

This system of pavement fulfils in the best manner all the re- 
quisites of a good road-covering, presenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The mortar-joints, so long as 
they remain tight, will effectually prevent the penetration of water 
beneath the pavement ; but it is probable, from the effect of the 
transit of heavily-laden vehicles, and from the expansion and 
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contraction of ijie stone, which in our climate is found to be rerj 
considerable, that the mortar would soon be crushed and washed 
out. 

In France, and in many of the large cities of the continent, the 
pavements are made with blocks of rough stone of a cubical form, 
measuring between eight and nine inches along the ed^e of the 
cube. These are laid on a form of sand of only a few inches thick 
when the soil beneath is firm ; but in bad soils the thickness is 
increased to from six to twelve inches. The transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid that 
the joints make an angle of 45° with the axis of the roadway, one 
set being continuous, the other breaking joints with them. By 
this arrangement of the joints, it is said that the wear upon the 
edges of the blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe- 
rience, that the wear upon the edges of the blocks is greatest at 
the joints which run transversely to the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain tlie influence of the shape of stone blocks on the force 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging from five to six inches in breadth, measured 
in the direction of the axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinar}' 
size. 

Pavements in cities must be accompanied by sidewalks, and 
crossing-places, for foot-passengers, i he sidewalks are made 
of large flat flagging-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fre- 
quented by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ; they receive a slope, or pitch, of one 
inch to ten feet, towards the pavement, to convey the surface- 
water to the side channels. The pavement is separated from the 
sidewalk by a row of long slabs set on their edges, termed cw'b^ 
stones^ which confine both the flagging and paving stones. The 
curb-stones form the sides of the side channels, and should for 
this purpose project six inches above the outside paving stones, 
and be sunk at least four inches below their top surface ; they 
should, moreover, be flush with the upper surface of the side- 
walks, to allow the water to run over into the side channels, and 
to prevent accidents which might otherwise happen from their 
tripning persons passing in haste. 

The crossings should be from four to six feet wide, and be 
slightly raised above the general surface of the pavement, to keep 
them nree from mud. 
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656. Broken-^tone road-covering. The ordinary road-cover 
ing for common roads, in use in this country and Europe, is 
formed of a coating of stone broken into small fragments, which 
is laid either upon the natural soil, or upon a paved bottoming 
of small irregular blocks of stone. In England these two systems 
have their respective partisans ; the one claiming the superiority 
for road-coverings of stone broken into small fragments, a method 
brought into vogue some years since by Mr. McAdam, from whom 
these roads have been termed macadamized ; the other being the 
plan pursued by Mr. Telford in the great national roads con- 
structed in Great Britain within about the same period. 

The subject of road-making has within the last few years ex- 
cited renewed interest and discussion among engineers in France ; 
the conclusion, drawn from experience, there generally adopted 
is, that a covering alone of stone broken into small fragments is 
sufficient under the heaviest traffic and most frequented roads. 
Some of the French engineers recommend, in very yielding 
clayey soils, that either a paved bottoming after Telford's method 
be resorted to, or tliat the soil be well compressed at the surface 
before placing the road-covering. 

The paved bottom road-covering on Telford's plan (Fig. 155) 
is formed by excavating the surface of the ground to a suitable 
depth, and preparing the form for the pavement with the precau- 
tions as for a common pavement. Blocks of stone of an irregu- 
lar pyramidal shape are selected for the pavement, which, for a 
niaaway 30 feet in width, should be seven inches thick for the 
centre of the road, and three inches thick at the sides. The base 
of each block should not measure more than five inches, and the 
top not less than four inches. 

The blocks are set by the hand, with great care, as closely in 
contact at their bases as practicable ; and blocks of a suitable 
size are selected to give the surface of the pavement a sUghtly 
convex shape from the centre outwards. The spaces between 
the blocks are filled with chippings of stone compactly set with 
a small hammer. 

A layer of broken stone, four inches thick, is laid over this 
pavement, for a Width of nine feet on each side of the centre ; no 
fragment of this layer should measure over two and a half inches 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the same 
depth as the centre layer. 

The road-covering, thus prepared, is thrown open to vehicles 
imtil the upper layer has become perfectly compact ; care having 
been taken to fill in the ruts with fresh stone, in order to obtain 
a uniform surface. A second layer, about two inches in depth, 
is then laid over the centre of the roadway ; and the wings n- 
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eeive also a layer of new material laid on to a sufficient thickness 
to make the outside of the roadway nine inches lower than the 
centre^ by giving a slight convexity to the surface from the centre 
outWaids. A coating of clean coarse gravel, one inch and a half 
thick, termed a binding, is spread over the surface, and the road- 
covering is then ready to be thrown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
in hardness and strength, to that placed at the surface, as it is but 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can be procured. 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under stratum of stone is still loose ; it is, how- 
ever, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactly as they would otherwise 
do. 

If the roadway cannot be paved the entire width, it should, 
at least, receive a pavement for the width of nine feet on each 
side of the centre. The wines, in this case, may be formed 
entirely c/' dean gravel, or of chippings of stone. 

For lOads which are not much travelled, like the ordinary cross 
roads of the country, the pavement will not demand so much 
car^ ; but may be made of any stone at hand, broken into frag- 
ments of such dimensions that no stone shall weigh over four 
Sounds. The surfeu^-coating may be formed in the manner just 
escribed. 

657. In forming a road-covering of broken stone alone, the 
bed for the covering is arranged in the same manner as for the 
paved bottoming : a layer of the stone, four inches in thickness, 
IS carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to fill the ruts, and preserve the sur- 
hce in a uniform state until the layer has become compact; 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of about 
twelve inches in the centre, with the ordinary convexity at the 
surface. 

668. Where good gravel can be procured the road-covering 
may be made of this material, which should be well screened, 
and all pebbles found in it over two and a half inches in diame- 
ter should be broken into fragments of not greater dimensions 
than these. A firm level form having been prepared, a layer of 
ffravel, four inches in thickness, is laid on, and, when this has 
oecome compact from the travel, successive layers of about three 
inches in thickness are laid on and treated Uke the first, until the 
covering has received a thickness of sixteen inches in the centre 
and the ordinary convexity. 

M8. A» has been alieady stated, the FroiiGh civil 
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do not regard a paved bottominff as essential for broken-stone 
road-coverings, except in cases of a very heavy traffic, or where 
the substratum of tlie road is of a very yielding character. 
They also give less thickness to the road-covering than the 
English engineers of Telford's school deem necessary ; allowing 
not more than six to eight inches to road-coverii^ for light 
traffic, and about ten inches only for the heaviest traffic. 

660. If the soil upon which t^ road-covering is to be placed 
is not dry and firm, they compress it by rolling, which is done 
by passing over it several times an iron cyhnder, about six feet 
in diameter, and four feet in length, the weight of which can be 
increased, by additional weights, from six thousand to about 
twenty thousand pounds. The road matenal is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer oeing compressed by passing the cylinder 
several times over it before a new one is laid on* If the opera- 
tion of rolling is performed in dry weather, the Wer of stone is 
watered, and some add a thin layer of clean sand^ from four to 
eiffht tenths of an inch in thickness, over each layer before it is 
rolled, for the purpose of consolidating the surface of the layer, 
by filling the voids between the broken-stone fragments, .^iter 
the surface has been well consolidated by rolling, the road is 
thrown open for travel, and all ruts and other displacement of 
ihe stone on the surface are carefully repaired, by adding fre^i 
material, and levelling the ridges by ramming. 

Great importance is attached by the French en^neers to the 
use of the iron cylinder for compressing the matenals of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once in a 
good travelling condition ; the wear of the materials is less than 
by the old method of gradually consolidating them by the travel; 
the cost of repairs during the first years is diminished ; it gives 
to tlie road-covering a more uniform thickness, and admits of its 
being thinner than in the usual method. 

661. Materials and Repairs. The materials for broken-stone 
roads should be hard and durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, but on the 
surface none but the iiardest stone will withstand the action of 
the wheels. The stune should be carefully broken into frag- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the line of 
the road for repairs. 

Too great attention cannot be bestowed upon keeping the 
road-sumce free from an accumulation of mud and even of dust. 
It should be cons^tly cleaned by scraping and sweeping^. The 
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repairs, should be daily made by adding fresh material upon all 
points where hollows or ruts comiuenoe to form. It is recom* 
mended by some that when fresh material is added, the surface 
on which it is spread should be broken with a pick to the depth 
of half an inch to an inch, and the fresh material be well settled 
by ramming, a small quantity of clean sand being added to make 
the stone pack better. When not daily repaired by persons 
whose sole business it is to keep the roa^ in good order, general 
repairs should be made in the months of October and April, 
by removing all accumulations of mud, cleaning out the side 
channels and other drains, and adding fresh material where re- 
quisite. 

The importance of keeping the road-surface at all times free 
from an accymulation of mud and dust, and of preserving the 
surface in jsl uniioim state of evenness, by the daily addition of 
fresh mati;rial wherever the wear is sufHcient to call for it, ccm- 
not be too strongly insisted upon. Without this constant super- 
vision, the best constructed road will, in a short time, be unfit 
tor travel, and with it the weakest may at all times be kept in a 
tolerably fair state. 

662. Cross dimensions of roads. A road thirty feet in width 
is amply sufficient for the carriage-way of the most frequented 
thoroughfares between cities. A width of forty, or even sixty 
feet, may be given near cities, where the gi*eater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. The width should be at least sufficient to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be borne in mind, that 
any unnecessary widtli increases boUi the first cost of construe* 
tion, and the expense of annual repairs. 

Very wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum- 
mer roadsj being formed on the natural surface of the subsoil. 
The object of this system is to relieve the road-coverinff from 
the wear and tear occasioned by the lighter kind of vehicles du- 
nng the summer, as the wings present a more pleasant surface 
for travelhng in that season. But little is gained by this system 
under this point of view ; and it has tlie inconvenience of form- 
ing during the winter a large quantity of mud which is very in- 
jurious to the road-covering. 

There should be at least one foot-path, firom five to six feet 
wide, and not more than nine inches higher than the bottom of 
the side channels. The surface of the foot-path should have a 
pitch of two inches, towards the side channels, to convey its 
muiace water into them. When the natural soil is finn and 
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jMitdy, or graTelly, its surface will senre for the foot-path ; bol 
in other cases the natural soil must be thrown out to a depth of 
six inches, and the ezcaTation be filled with fine clean graTcl. 

To prevent the foot-path from being damaged by the curreDl 
of water in the side channels, its side slope, next to the side 
channel, must be protected by a facing of good sods, or of dry 
stone. 

As it is of the first importance, in keeping the road-way in a 

food traTelling state, that its surface should be kept diT» it wiU 
e necessary to remove from it, as far as pxacticable, all objects 
that might obstruct the action of the wind and the sun on its 
surface. Fences and hedges along the road should not be higher 
than five feet ; and no trees should be suffered to stand on the 
load-side of Uie side drains, for independently of sbadinff the 
.road-way* their roots would in time throw up the xoadHX>T 
ering. 



£W NoU B^ Appendug. 



EAILWATS. IM 



RAILWAYS. 

663. The great resistance offered to the force of traction on 
common roads, where the traffic is of a heavy character, natu- 
rally suggested the idea of trying other means, which would 
afford a more even and durable track for the wheels than the 
road^^overings in ordinary use. Various methods have been re- 
sorted to, with greater or less success, to accomplish this object : 
in some instances tracks have been formed of long narrow stone 
blocks ; in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect them from wear, have been used ; 
and finally, both the stone and wooden ways were replaced by 
iron plates and bars, and that system of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these successive stages of improvement, by which, in the 
short period of less than a quarter of a century, so great a revo- 
lution has been made both in the speed and the amount of trans- 
portation on land, by means which bid fair to supersede ever^ 
other, the civilized world is indebted to England, in whose mi- 
ning districts the railway system first sprung up. 

664. A railway, or railroad, is a track for the wheels of ve- 
hicles to run on, wliich is formed of iron bars placed in two 
parallel lines and resting on firm supports. 

665. Rails. The iron ways first laid down, and termed tram- 
ways, were made of narrow iron plates, cast in short lengths, 
with an upright flanch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replaced by others to which a vertical rib was added 
under the plate. This rib was of uniform breadth, and of the 
shape of a semi-ellipse in elevation. This form of tramway, 
although superior in strength to the first, was still found not to* 
work well, as the mud which accumulated between the flanch 
and the surface of the plate presented a considerable resistance 
to the force of traction. To obviate this defect, iron bars of a 
semi-elliptical shape in elevation, which received the name of 
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edge rails, were substituted for the plates of the tramway, 
cross sections of these rails were of the form shown in Fig. 



The 
167, 



302 EAlhWXThi 

the top surface being slightly convex, and sufficiently broad to 
presenre the tire of the wheel from wearing unevenly. This 
change in the form of the rail introduced a corresponding one m 
the tires of the wheels, which were made witli a flanch on the 
interior to confine them within the rails of the track. 

The cast-iron edge-rail was found upon trial to be subject to 
naany defects, arising from the nature of the material. As it 
was necessary to cast the rails in short lengths of three or four 
feet, the track presented a number of joints, which rendered it 
extremely difficult to preserve a uniU)rm surface. The rails 
were found to break readily, and the surface upon which the 
wheels ran wore unevenly. These imperfections finally led to 
the substitution of wrought-iron for cast-iron. 

666. The vrrought-iron rails first brought into use received 
nearly the same shape in cross section and elevation as the cast- 
iron rail. They were formed by rolling them out in a rolling- 
mill so arranged as to give the rail its proper shape. The lengSi 
of the rail was usually fifteen feet, tne bottom of it (Fig. 158) 

Ftg. 158— R«pie8eDl8 a iide efeTftUou of m pcr- 
UoD of a fiih-bellied mU. 



presenting an undulating outline so disposed as to ffive the rail a 
bearing point on supports placed three feet apart between their 
centres. This form, known as the fish-belly rail, was adopted 
as presenting the greatest strength for the same amount of metal. 
It nas been found on trial to be liable to some inconveniences. 
The rails break at about nine inches from the supports, or one 
fourtli of the distance between the bearing points, and from the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallely or straight rail, the top and 
bottom of the rail being parallel ; or as the T, or H rail, from the 
form of the cross section. 

A variety of forms of cross section are to be- met with in the 
parallel rail. The more usual form is that (Fig. 159) in which 
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the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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lU supports. In some cases the top and bottom are made alike 
to admit of turning the rail. The greatest deviation from tho 
usual form is in the rail of the Great Western Railway in Eng- 
land, (Fig. 160.) 

Tig, 160— Repreaents a ckmb section of the rail of the 
Great Weetern Railwav in England. This rail w laid 
on a continuous support, and is fastened to it by screws 
on each side of Uie rail. A piece of tarred felt was 
inserted between the base of tlie rail and its support 

The dimensions of the cross section of a rail should be such 
that the deflection in the centre between any two points of sup* 
port, caused by the heaviest loads upon the track, should not be 
so great as to cause any very appreciable increase of resistance 
to Uie force of traction. The greatest deflection, as laid down 
by some writers, should not exceed three hundredths of an inch, 
for the usual bearing of three feet between the points of sup 
port. The top of the rail is usually about two ana a half inches 
oroad, and an inch in depdi. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 
prevent the top from being crushed by the weight upon the rail. 
The breadth of the rib varies between three fourths of an inch to 
an inch ; and the total depth of the rail from three to five inches. 
The thickness and breadth of the bottom have been varied ac- 
cording to the strength and stability demanded by the traffic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. The supports should present a firm unyielding bed to 
the rails, so as to prevent all displacement, either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this point. On the earlier roads, heavy stone 
blocks were mostly used for supports, but these were foimd to 
require great precautions to render them firm, and tliey were, 
moreover, liable to split from the means taken to connne the 
rails to them. Timber has, within late years, been generally 
preferred to stone. It afifords a more agreeable road .tor travel^ 
and eives a better lateral support to the rails than stono blocks. 

The usual method of placmg timber supports is tn\t3sversely 
to the track. Each support, termed a sleeper^ or cross tie, bein^r 
formed of a piece of timber six or eight inches square. ' The or- 
dinary distance between the centre lines of the supports^ is three 
feet for rails of the usual dimensions. With a greater bearing, 
rails of the ordinary dimensions do not present sufficient stiflhess. 
The slecpera, when formed of round timber, should be squared 
oii the upper and lower surface. On some of the recent railways 
in England, sleepers presenting in c^oss section a right-angled 
triangle have been used, the right angle being at the bottom. 
They are represented to be more convenient in setting, and to 
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oflfer a more stable support than those of the usual form. The 
sleepers are placed either upon the ballasting of the roadway, or 
upon longitudinal beams laid beneath them aJoi^ the line of the 
rails. 'Ine latter is now the more usual practice with us, and is 
indispensable upon new embankments to preyent the ends of 
the sleepers from settling unequally. Thick plank, about eight 
inches broad and three or four inches thick, is usually employed 
for the longitudinal supports of the sleepers. 

On some of the more recent railways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
support to the rail, tlie beams resting upon cross-ties. 

669. Chairs. The rails are firmly fastened to their supports by 
cast-iron chairs, (Figs. 157, 159,) wrought-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail rests, and two side pieces between which the rail is 
confined by wedges of iron, or of wood. The chairs are festened 
to the supports by iron bolts, or wooden pins. A ranety of 
forms have been given to the chairs, and different methods adopt- 
ed for confining the rail firmly within them. Iron wedges havmg 
been found to work loose, wooden wedges, or keys, have been 
substituted for them. They are made of kiln-dried timber, and 
are forced through cutters, by which they receive the proper 
shape, and are at the same time strongly compressed. The key, 
prepared in tliis manner, gradually swells by imbibing moisture 
after being inserted, and forms a very strong fastening. Chairs 
are generally placed upon each support, in some cases they 
are only placed at the points of junction of the rails ; iron spikes 
with a bent head being driven into the supports, to confine the 
rails at the intermediate points between the chairs. 

A joint of sufficient width is left between the ends of the rails, 
to allow for the expansion of the bars. Various methods of 
forming this joint have been tried ; the more usual forms are the 
square joint, and the oblique joint. 

670. Ballast, A covering of broken stone, of clean coarse 
gravel, or of any other material that will allow the water to 
arain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the supports. 
This has received the appellation of the ballast Its thicKness 
is from nine to eighteen inches. Open or broken-stone drains 
should be placed beneath the ballasting to convey off the surface 
water. The parts of the ballasting upon which the supports 
rest should be well rammed, or roUed ; and it should be well 
packed beneath and around the supports. After the rails are 
laid, another layer of broken stone or gravel should be added, 
the surface of which should be slightly convex and about three 
inches below the top of the rails. 



RAILWAYS. dOtf 

671. Temporary railways of wood and iron. On the fint 
introduction of railways into the United States, the trada wore 
formed of flat iron bars laid upon longitudinal beams. The iron 
bars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top sur&ce 
being slightly convex. They were placed on the longitudinal 
beams, a Uttle back from the inner edge, the side of the beam 
near the top beihg bevelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ; the holes re- 
ceiving this shape to allow of ihe contraction and expansion of 
the bar, without disjilacing the fastenings. The longitudinal 
beams were supporte<l by cross sleepers, with which they were 
connected by wedges that confined the beams in notches cut 
into the sleepers to receive them. The longitudinal beams were 
usually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be procured. The joints 
between the bars were either square or obUque, and a piece of 
iron or zinc was inserted into the bectms at the joint, to prevent 
the end of the rail from being crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but this method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This system of railway, whose chief recommendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durability of the structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gauge. The distance between the two hnes of rails of 
a track, termed ihe gauge^ which has been adopted for the great 
majorihr of the railways in England, and also vnth us, is 4 feet 
8^ inches. This gauge appears to have been the result of 
chance, and it has been followed in the great majority of cases 
up to the present time, owing to the inconvenience tnat would 
arise from the adoption of a different gauge upon new hnes. 
The greatest deviation yet made from the established gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engineers are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ; the centre of 
gravity of the load might be placed lower, and more steadi- 
ness of motion and greater security at high velocities be at 
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In a double track the distance between the two tracks is gen^ 
erally the same as the gauge; and the distance between the 
outside rail of a track, and the sides of the excavation, or em- 
bankment, is seldom made greater than six feet, as this is deemed 
sufficient to prevent the cars from going over an embankment 
were they to run oflf the rails. 

673. On all straight portions of a track, the supports should 
be on a level transversely, and parallel to the plane of the track 
longitudinally. The top surface of the rail should incline in- 
ward, to conform to the conical form of the wheels ; this is 
now usually effected by giving the chair the requisite pitch, or 
by forming the top surface with the requisite bevel for this pur* 
pose. 

674. Curves. In the curved portions of a track the centri- 
fugal force tends to force the carriage towards the outside rail 
of the curve. This action of the -centrifugal force is counter- 
acted, to a certain extent, by the conical form of the wheels, 
which, by causing them to run on unequal diameters so soon as 
they enter a curve, inclines the car inward. Within certain 
limits of the radius of curvature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the cliameter of the interior and exterior wheels, 
will be sufficient to counteract the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
ill general use, the usual gauge of track, and play between the 
flanch of each wheel and the side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
from being brought into contact w^ith the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 feet, 
when the exterior and interior rails are on the same level trans- 
versely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced from the track, it will be requisite to provide 
against this by raising the exterior rail higher than the interior, 
so that by thus placing the wheels on an inclined plane, the 
component of gravity, opposed to the centrifugal force, added to 
the force which impels the car inward when running on wheels 
of unequal diameter, may balance the centrifu^ force. From 
the above conditions of equilibrium, the elevation which the ex- 
terior rail should receive above the interior can be readily cal- 
culated. The method more usually adopted, however, is to 
neglect the effect of the conical form of the wheel, in counter- 
acting the action of the centrifugal force within certain limits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the nil. 
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ndien the car is moving at the highest supposed velocity ; or, in 
otiier words, to give the inclined plane across the track, on which 
th6 wheels rest, an inclination such that the tendency of the 
wheels to slide towards the interior rail shall alone counteract 
the centrifugal force. 

675. SicKngSj ^c. On single lines of railways short portions 
of a track, termed sidings^ are placed at convenient intervals 
along the main track, to enable cars going in opposite directions 
to cross each otlier, one train passing into the sidtng and stop- 

Eing while the other proceeds on tne main track. On double 
nes arrangements, termed crossings, are made to enable trains 
to pass from one track into the other, as circumstances may re- 
quure. The position of sidings and their length will depend 
entirely on local circumstances, as the lengtli of the trains, the 
number daily, &c. 

The manner generally adapted, of connecting the main track 
with a siding, or a crossing, is very simple. It consists (Fig. 
161) in having two short lengths of the opposite rails of the main 

Fig. 161 —Represents 
the diding twitdies, 
or nib, for connect- 
ing asidiiig with tho 
main tracic. 

a, a, rails connected 
by an iron rod fr, by 
which they can be 
turned around tlie 
joints o, 0. 

c, r, rauB oT main 
track. 

d, d, rails of siding. 

track, where the siding or crossing joins it, moveable around one 
of their ends, so that the other can be displaced from the line of 
the main track, and be joined with that of the siding, or crossing, 
on the passage of a car out of the main track. These moveable 
portions of rails are connected and kept parallel by a long cross 
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fig. 1(»— Represents a plan M, and section N, of a fixed crossing plate. Hie plate A 
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bolt, to the end of which a vertical leyer is attached* to draw • 
them forward, or shove them back. 

At the point where the rails of the two tracks intersect, a east- 
iron plate, termed a crossing-plate (Fig. 162) is placed to con« 
nect the rails. The surface of the plate is arranged either with 
grooves in the lines of the rails to admit the flanch of the wheel 
in passing, the tire running upon the surface of the plate ; or 
wrought-iron bars are affixed to the surface of the plate for the 
same purpose. 

The angle between the rails of the main tracks and those of a 
siding or crossing, termed the angle of deflection^ should not be 
greater than 2^ or 3"^. The connecting rails between the straight 
portions of the tracks should be of the shape of an S curve, in 
order that the passage may be gradually eflfected. 

676. Turn-plates. Where one track intersects another under 
a considerable angle, it will be necessary to substitute for the 
ordinary method of connecting them, what is termed a turn-plate^ 
or turn-table. This consists of a strong circular platform of 
wood or cast-iron, moveable around its centre by means of coni- 
cal rollers beneath it running upon iron roller-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to the other by turning the platform sufficiently 
to place the rails upon it in the same line as those of the track 
to be passed into. 

677. Street-crossings. When a track intersects a road, or 
street, upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each side of it, sufficient space being left 
between them and the rail for the play of the flanch. The top 
of the plates should be on a level with the top of the rail. 
Wherever it is practicable a drain should be placed beneath, to 
receive the mud and dust which, accumulating between the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From various experiments upon the friction 
of cars upon railways, it appears that the angle of repose is 
about 7^7, but that in descending gradients much steeper, the 
velocity due to the accelerating force of gravity soon attains its 
greatest limit and remains constant, from the resistance caused 
bv the air. 

The limit of the velocity thus attained upon gradients of any 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. From 
calculation and experiment it appears that heavy trains may de- 
scend gradients of j^^, without attaining a greater velocity dian 
•bout 40 or 50 miles an hour, by allowing them to nm ueely» 
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without appl]ruig the bndce to check the speed. By the appli* 
cation of the brake, the velocity may be kept within any limit 
of safety upon much steeper gradients. The only question, then, 
in comparing the advantages of different gradients, is one of the 
comparative cost between the loss of power and speed, on the 
one nand, for ascending trains on steep gradients, and that of the 
heavy excavations, tunnels, and emoankments, on the other, 
which may be required by lighter gradients. 

In distributing the gradients along a line, engineers are gener- 
ally agreed that it is more advantageous to have steep gradients 
upon short portions of the line, than to overcome the same dif- 
ference of level by gradients less steep upon longer develop- 
ments. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or lowered, by ropes connected with a suitable mechanism, 
worked by stationary power placed at the top of the plane. 
The inclined planes, with stationary power, generally receive a 
uniform slope throughout. The portion of tbe track at tiie top 
and bottom of the plane, should be level for a fiufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
vertical plane as that of the axis of the inclined plane. 

Small rollers, or sheeves, are placed at suitable distances along 
the axis of the inclined plane, upon which the rope rests. 

Within a few years oack flexible bands of rolled hoop-iron 
have been substituted for ropes on some of the inclined planes 
of the United States, and have been found to work well, pre- 
senting more durability and being less expensive than ropes. 

680. Tunnels. The great consumption of power by gravity, 
and the necessity therefore of either employing additional power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments firequently of excessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable desree of speed. The difficulty and cost of forming 
these works become m some cases so great, that it is found 
preferable to obtain the requisite gradient by carrying the road 
under ground by an excavation termed a tunnel. 

The choice between deep cutting and tunnelling, will depend 
upon the relative cost of the two, and the nature of the ground. 
When the cost of the two methods would be about equal, and 
the slopes of the deep cut are not liable to shps, it is usually 
mare advantageous to resort to deep cutting than to tunnelling. 
So muehi however, will depend upon local circumstances, that 
ihe comparative advantages of the two methods can only Im dSK 
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culed upon understandingly when these are known. Where anv 
latitude of choice of locahty is allowed, the nature of the soil, 
the length of the tunnel, that of the deep cuts by which it must 
be approached, and also the depths of the working and air shafts, 
must all be well studied before any definitive location is decided 
upon. In some cases it may be found, that a longer tunnel with 
snorter deep cuts will be more advantageous in one position, 
than a shorter tunnel with longer deep cuts in another. In oth- 
ers, the greater depth of working shafts may be more than com- 
pensated by obtaining a safer soil, or a shorter tunnel. 

681. The operations in tunnelling will depend upon the nature 
of the soil. The work is commenced by setting out, in the first 
place, with great accuracy upon the surfacQ of the ground, the 
profile Une contained in the vertical plane of the axis of the tun- 
nel. At suitable intervals along this line vertical pits, termed 
working shafts^ are sunk to a level with the top, or crown of the 
tunnel. The shafts and the excavations, which form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a headings or drift, usually five 
or six feet in width, and seven or eight feet in height, which is 
made along the crown of the tunnel. After the drift is com- 
pleted, the excavation for the tunnel is gradually enlarged ; the 
excavated earth is raised through the working shafts, and at the 
same time carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a communi- 
cation. In solid rock the sides of the excavation are usually 
vertical ; the top receives an arched form ; and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ; but in stratified rocks there is dai)- 
ger of blocks becoming detached and falling : wherever this is 
to be apprehended, the top of the tminel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous opera- 
tions of the miner's art, requiring the greatest jn-ecautions in 
supporting the sides of the excavations oy strong rough firame- 
work, covered by a sheathing of boards, to secure the workmen 
from danger. When in such cases the drift cannot be extended 
throughout the Une of the tunnel, the excavation is advanced 
only a few feet in each direction from the bottom of the working 
shafts, and is gradually widened and deepened to the proper 
form and dimensions to receive the masonry of the tunnel, which 
if immediately commenced below each working shaft, and it 
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earned forward in both directions towards the two ends of the 
tunnel. 

682. Masonry of tunnels. The cross section of the arch of a 
tunnel (Fig. 163) is usually an oval segment, formed of arcs of 
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circles for the sides and top, resting on an inverted arch at bot- 
tom. The tunnels on some of the recent railways in England 
arc from 24 to 30 feet wide, and of the same height from the 
level of the rails to the crown of the arch. The usual thickness 
of the arch is eighteen inches. Brick laid in hydraulic cement 
is generally used for the masonry^ an askew-back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, depending, however, upon the precautions necessary to se- 
cure the sides of the excavation. As the sides of the arch arc 
carried up, the frame-work supporting the earth behind is grad- 
ually removed, and the space between the back of ihe ma- 
sonry and the sides of the excavation is filled in with eartli 
well rammed. This operation should be carefully attended to 
throughout the whole of the backing of the arch, so that the 
masonry may not be exposed to the eflfects of any sudden yield 
mg of the earth around it. 

683. The frame-work of the centres should he so arrangec 
that they may be taken apart and be set up with faciUty. The 
combination adopted will depend upon the size of the arch, and 
tiie necessity of supporting the sides as well as the top of the 
arch by the centre, during the process of the work. 

684. The earth at the ends of the tunnel is supported by a 
retaining wall, usually faced with stone. These walls, termed 
the fronts of the .tunnel, are generally finished with the usual 
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architectural designs for gateways. To secure the ends of the 
arch from the pressure of the earth above them, cast-iron plates, 
of the same shape and depth as the top of the arch, are inserted 
within the masonry, a short distance nrom the ends, and are se- 
cured by wrought-iron rods firmly anchored to the masonry at 
some distance from each end. 

685. The working shafts, which are generally made cylindri- 
cal and faced with brick, rest upon strong curbs of cast-iron, 
inserted into the masonry of the arch. The diameter of the shaft 
within is ordinarily nine feet. 

Small shafts, about three feet in diameter, termed air shafts, 
are in some cases required at intermediate points between the 
working shafts, for the purposes of ventilation. 

686. The ordinary difficulties of tunneUing are greatly increased 
by the presence of water in the soil through which the work is 
driven. Pumps, or other suitable machinery for raising water, 

E laced in the working shafts, will in some cases be requisite to 
eep them and the drift free from water until an outlet can be 
obtained for it at the ends, by a drain along the bottom of the 
drift. Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of the crown of the 
timnel, an outlet may be obtained for it by driving above the 
tunnel a drift-way between the shafts, giving it a suitable slope 
from the centre to the two extremities to convey the water off 
rapidly. 

In tunnels for railways, a drain should be laid under the ball- 
asting along the axis, upon the inverted arch of the bottom. 
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fi&t. Canals are artificial channels for water, applied to the 
purpose of inland navi^tion ; for the supply of cities with wa- 
ter ; for draininff ; for irrigation, &c. &c. 

688. NavigMe canals are divided into two classes : Ist Ca- 
nals which are on the same level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two points of different levels, which lie either in 
the same valley, or on opposite sides of a dividing ridge. This 
class is found in broken countries, in which it is necessary to 
divide the entire length of the canal into several level portions, 
the communication between which is effected by some artificial 
means. When the points to be connected lie on opposite sides 
of a dividing ridge, the highest reach, which crosses the ridge, 
is termed the summit level. 

689. Ist Class. The surveying and laying out a canal in a 
level country, are operations ot such extreme simplicity as to 
require no particular notice in this place ; since these operations 
have been fully explained in the subject of Common Roads; 
The line of the canal should be run in a direct Hne between tlie 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ; in which case, the straight 
portions will be connected by arcs of circles of sufficient curva- 
ture to allow the boats used in the navigation to pass each other 
at the curves, without any diminution of their ordinary rate of 
speed. 

The cross section of this class (Fig. 164) presents usually a 
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•ur&ce of the water, is usually above the natural surface, suffix 
dent thickness being given to the embankments to prevent &e 
filtration of the water through them, and to resist its pressure. 
This arrangement has in its favor the advantage of economy in 
the labor of excavating and embanking, since the cross section 
of the cutting may be so calculated as to furnish the necessary 
earth for the embankment ; but it exposes the surrounding coun* 
try to injury, from accidents happening to the embankments. 

The relative dimensions of the parts of the cross section may 
be generally stated as follows ; suoject to such modifications as 
each particular case may seem to demand. 

The width of the water-way, at bottom, should be at least 
twice the width of the boats used in navigating the canal ; so 
that two boats, in passing each other, may, by sneering towards 
the sides, avoid being brought into contact. 

The depth of the water-way should be at least eighteen 
inches greater than the draft of the boat, to faciUtate the motion 
of the boat, particularly if there are water-plants growing on 
the bottom. 

The side slopes of the water-way, in compact soils, should 
receive a base at least once-and-a-half the altitude, and propo'« 
Aionally more as the soil is less compact. 

The thickness of the embankments, at top, is seldom regu 
larted by the pressure of the water against them, as this, in most 
cases, is inconsiderable, but to prevent filtration, which, were it 
to taike place, would soon cause their destruction. A thickness 
from four to six feet, at top, with the additional thickness given 
by the side slopes at the water surface, will, in most cases, be 
amply sufficient to prevent filtrations. A pathway for the horses 
attached to the boats, termed a tow-path, which is made on oOe 
of the embankments, and a foot-pain on the other, which should 
be wide enough to serve as an occasional tow-path, give a su- 
perabundance of strength to the embankments. 

The tow-path should be from ten to twelve feet wide, to allow 
the horses to pass each other with ease ; and the foot-path al 
least six feet wide. The height of the surfaces of these paths, 
above the water surface, should not be less than two feet, to 
avoid the wash of the ripple ; nor greater than four feet and a 
half, for the facility of the draft of the horses in towing. The 
surface of the tow-path should incline slightly outwaurd, both 
to convey off the surface water in wet w^eather, and to give 
a firmer footing to the horses, which naturally draw firom the 
canal. 

The side slopes of the embankment vary with the charactei 
of the soil : towards the water-way they should seldom bef lets 
than two base to one perpendicular ; from it, they may, if* it**f 
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ihoi^ht neto^ssary, be less. The interior slope is usually not 
carried up unbroken from the bottom to the top ; but a horizon- 
tal space, termed a bench, or berm^ about one or two feet wide, 
is left, about one foot above the water surface, between the side 
slope of the water-way and the foot of the embankment above 
the berm. This space serves to protect the upper part of the 
interior side slope, and is, in some cases, planted with such 
shrubbery as grows most luxuriantly in aquatic localities, to pro* 
tect more efficaciously the banks by the support which its roots 
give to the soil. The side slopes are better protected by a re- 
v^tement of dry stone. Aquatic plants of the bulrush kind 
have been used, with success, for the same purpose; being 
planted on the bottom, at the foot of the side slope, they serve 
to break the ripple, and preserve the slopes from its effects. 

The earth ot which the embankments are formed should be 
of a good binding character, and perfectly free from vegetable 
mould, and all vegetable matter, as the roots of plants, &c. In 
forming the embankments, the vegetable mould should be care- 
fully removed from the surface on which they are to rest ; and 
they should be carried up in uniform layers, from nine to twelve 
inches thick, and be well rammed. If the character of the earth, 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand, 
two or three feet thick, may be laid in the interior of the mass, 
penetrating a foot below the natural surface. Sand is useful in 
preventing filtration caused by the holes made in the embank- 
ments near the water surface by insects, moles, rats, &c. 

Side drains must be made, on each side, a foot or twp from 
the embankments, to prevent the surface water of the natural 
surface from injuring the embankments. 

690. 2d Class. This class will admit of two subdivisions ; 
1st, Canals which lie throughout in the same valley ; 2d, Canals 
with a summit level. 

Location, In laying out canals, belonging to the first sub- 
division, the line of direction of the canal should be as direct as 
Cracticable between the two points. As the different levels, 
owever, must be laid out on one of the side slopes of the val- 
ley, their lines of direction will be nearly the same as the hori- 
zontal curved line in which the natural surface of the ground 
would be intersected by the water surface of the canal pro- 
duced ; the variations in direction from this curve depending on 
the character of the cuttings and fillings, both as to the advan- 
tages which the one may present over the other as regards filtra- 
tion, and the economy of construction. 

With respect to the side slope of the valley along which the 
canal is to be run, the engineer must be guided in h£ choice by 
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die relative expense of construction on the two sides ; wliidi 
will depend on the quantity of cutting and filling, the masonrj 
for the culverts, &c., and tne nature of the soil as adapted tc 
holding water. All other things being equal, the side on which 
the fewest secondary water-courses are found will, generally 
speaking, offer the greatest advantage as to expense ; but, it may 
happen that the secondary water-courses will oe required to feed 
the canal with water, in which case it will be necessary to lay 
out the line on the side where they are found most convenient, 
and in most abundance. 

As to the points in which the line of direction should cross the 
secondary valleys, the engineer will be guided by the same con- 
siderations as for any other line of communication; crossing 
them by following the natural surface, or else by a filling in a 
right line, as may be most economical. 

691. Cross section. The side formations of excavations and 
embankments require peculiar care, particularly the latter, as 
any crevices, when they are first formed, or which may take 
place by settUng, might prove destructive to the w6rk. In most 
cases, a stratum of good binding earth, lining the water-way 
throughout to the thickness of about four feet, if compactly 
rammed, will be found to offer sufficient security, if the sul>- 
structure is of a firm character, and not liable to settle. Fine 
sand has been applied with success to stop the leakage in canals. 
The sand for this purpose is sprinkled, in small quantities at a 
time, over the surface of the water, and gradually fills up the 
outlets in the bottom and sides of the canal. But neither this 
nor puddling has been found to answer in all cases, particularly 
where the substructure is formed of fragments of rocks ofifering 
large crevices to filtrations, or is of a marly nature. In such 
cases it has been found necessary to line the water-way through- 
out with stone, laid in hydraulic mortar. A linmg of this cha- 
racter, (Fig. 165,) both at the bottom and sides, formed of flat 
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stones, about four inches thick, laid on a bed of hydraulic mor- 
tar, one inch thick, and covered by a similar coat of mortar, 
making the entire thickness of the lining six inches, has been 
found to answer all the required purposes. This lining should 
be covered, both at bottom and on tlie sides, by a layer of ^ood 
earth, at least Uiree feet thick, to protect it from the shock of the 
boats striking either of those parts. 

The cross section of the canal and its tovr-paths in deep cut- 
ting (Fig. 166) should be regulated in the same way as in canals 




Fig. 106— Crocs section of a canal in deep catting. 
JG, aide slopes of cutting. 

of the first class ; but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions strictly necessary for the passage of a single boat. By 
this reduction there would be some economy in the excavations ; 
but this advantage would, generally, be of too trifling a charac- 
ter to be placed as an offset to the inconveniences resulting to 
the navigation, particularly where an active trade was to be car- 
ried on. 

692. Summit level. As the water for the supply of the sum- 
mit level of a canal must be collected from the ground that lies 
above it, the position selected for the summit level should be at 
the lowest point practicable of the dividing ridge, between the 
two branches of the canal. In selecting this point, and the di- 
rection of the two branches of the canal, the engineer will be 
guided by the considerations with regard to the natural features 
of the surface, which have already been dwelt upon. 

693. Supply of water. The quantity of water required fo- 
canals with a summit level, may be divided into two portions 
1st. That which is required for the summit level, and tnose bv 
els which draw from it their supply. 2d. That which is wanted 
for the levels below those, and which is furnished from other 
sources. 

The supply of the first portion, which must be collected at 
tlie summit level, may be divided into several elements: Ist 
The quantity required to fill the summit level, and the levels 
which draw their supply from it. 2d. The quantity required to 
supply losses, arising from accidents ; as breaches in the banks. 
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and the eniptybg of the levels for repairs. 3d. The suppliei 
for losses from surface evaporation, from leakage througn the 
soil, and through the lock gates. 4. The quantity required foi 
the service of the navigation, arising from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, founded on accurate observations, no precise amount can 
be assigned to these various elements which will serve the engi- 
neer as data for rigorous calculation. 

The quantity required, in the first place, to fi/1 the summit 
level and its dependent levels, will depend on tbeis size, an ele- 
ment which can be readily calculated ; and upon the quantity 
which would soak into the soil, which is an element of a very 
indeterminate character, depending on the nature of the soil in 
the different levels. 

The supplies for accidental losses are of a still less determi- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct observations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ; as 
Uie loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage through the soil, it will depend on 
the greater or less capacity which the soil has for holding water. 
This element varies not only with the nature of the soil, but also 
with the shorter or longer time that the canal may have been in 
use ; it having been found to decrease with time, and to be, 
comparatively, but trifling in old canals. In ordinary soils it 
may be estimated at about two inches in depth eveiy twenty-four 
hours, for some time after the canal is first opened. The leak- 
age through the gates will depend on the workmanship of these 
parts. From experiments by Mr. Fisk, on the Chesapeake and 
Ohio canal, the leakage through the locks at the summit level, 
which are 100 feet lonff, 15 feet wide, and have a lift of 8 feet, 
amounts to twelve locks full daily, or about 62 cubic feet per 
minute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it. From experiments made by Mr. J. B. Jervis, on the Erie 
canal, the total loss, from evaporation, filtration, and leakage 
through the gates, is about 100 cubic feet per minute, for each 
mile. 

In estimating the quantity of water expended for the service 
of the navigation, in passing the boats from one level to another, 
two distinct cases require examination : — 1st. Where there is but 
one lock between two levels, or in otiier words, when the locks 
are isolated. 2d. When there are several contiguous locks, or, 
as it is termed, ixfiight of locks between two levels. 
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694. A lock is a small basin just large enough to receive a 
boat, in which the water is usually confined on the sides by two 
upright walls of masonry, and at the ends by two gates, which 
open and shut, both for the purpose of allowing the boat to pass, 
and to cut off the water of the upper level from the lower, as 
well as from the lock while the boat is in it. To pass a boat 
from one level to the other — from the lower to the upper end, 
for example — ^the lower gates are opened, and the boat having 
entered the lock they are shut, and water is drawn from the up- 
per level, by means of valves, to fill the lock and raise the boat ; 
when this operation is finished, the upper gates are opened, and 
the boat is passed out. To descend from the upper level, the 
lock is first nlled ; the upper gates are then openea, and tlie boat 
passed in ; these gates are next shut, and the water is drawn 
from the lock, by valves, until the boat is lowered to the lower 
level, when the lower gates are opened and the boat is passed 
out. 

In the two operations just described, it is evident, that for the 
passage of a boat, up or down, a quantity of water must be 
drawn from the upper level to iUl the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ; this height is termed the lift of the lock, and the 
volume of water required to pass a boat up or down is termed 
the prism of lift. The calciuation, therefore, for the quantity 
of water requisite for the service of the navigation, will be sim- 
ply that of the number of prisms of lift which each boat will 
draw from the summit level in passing up or down. 

695. Let a boat, on its way up, be supposed to have arrived 
at tlie lowest level supplied from the summit level ; it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of lift must be drawn to enable the boat to enter it. From 
this it appears that but one prism of lift is drawn from the sum- 
mit level for the passage of a boat up. Now, in descending on 
the other side, the boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it through all the 
successive locks, if their lifts are the same. For the entire pas- 
sage of one boat, then, two prisms of lift must be drawn trom 
the summit level. 

This boat will thus leave all the locks full on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going m the same, or in an opposite direction, with re- 
spect to the first. If it follows the first, it will evidently require 
two prisms of lift for its entire passage, and will leave the locks 
in the same state as they were. If it proceeds in an opposite 
direction, i^ will require a prism of lift to ascend to the summit 
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^trel ; but, in descending, it will take advantage of the full Iock« 
left by the preceding boat, and will therefore not draw from the 
summit level for its descent to the next; the same will take 
place at every level until the last, where it will carry out with it 
the prism of lift, which was drawn from the summit level for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit level. If the two boats had met on the 
summit level, the same would have taken place : therefore, when 
the boats alternate regularly, each will require but one prism of 
lift for its entire passage. But as this regularity of alternation 
cannot be practically carried into effect, an allowance of two 
prisms of lift must be made for the entire passage of each boat 

In calculating the expenditure for locks in flights, a new ele- 
ment, termed the prism of draughty must be taken into account. 
This prism is the quantity of water required to float the boat in 
the lock when the prism of lift is drawn off; and is evidently 
equal in depth to tlie water in the canal, unless it should be 
deemed advisable to make it just sufficient for the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights may be considered under two points of 
view, with regard to the expenditure of water : the first, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ; or second, where the prisms of draught are 
always retained in the locks. The expenditure, of course, wiD 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 
be supposed, in which there is a flight of locks on each side of 
the summit level, to connect it with the two next lower levels. 
In the first case, a boat, arriving at the foot of the flight, finds 
all tlie locks of the flight empty, except the lowest, which must 
contain a prism of draught to float the boat in. To raise the 
boat, then, to the upper level, all the locks of the flight must be 
filled from the summit level, which will require as many prisms 
of hft as there arc locks, and as many prisms of draught as there 
are locks less one ; or, representing oy l the prism ol lift, n the 
prism of draught, and n the number of locks in tlie flight, the 
total quantity of water, for the ascent of the boat, will be repre- 
senledby n^^{n-\)T>; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ; but to enter the sec- 
ond another prism of draught in addition will be required, and 
this entire quantity will be sufficient to take it through all (t.z 
remaining locks oi the flight : this quantity will therefore bd rep 
resented by 

l + 2d; (2). 
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fo that for the entire passage of the boat, the total ezpenditare 
will be represented by 

(n + l)L + (n + l)D. . (3). 

The flighty on one side, is thus left fiill after the passage of 
ihe first boat, and on the other side, empty. If a second boat, 
then, follows directly after the first, the prism of lift must be 
drawn firom the lowest lock . to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev* 
el ; so that but one prism of lift will be drawn off for the ascent 
of this boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. If, therefore, the total 
number of boats which follow in this order, including the first, 
be represented by m, the total expenditure vrill be represent- 
ed by 

(n + l)L + (n + l)D + (77i-I)2L + (in — 1)2d. . (4). 

If the second boat, instead of following the first, arrives in 
the opposite direction, or alternates with it, the expenditure for 
its ascent will be represented by the formula (1), and for its de- 
scent it will be nothing, since it finds the opposite flight filled, 
as left by the first boat ; but if the locks had been emptied, then 
the passage of the second boat would have taken place under 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the different 
circumstances of passage of the boats or of empty or full flights ; 
the preceding gives the spirit of the method, and will give the 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, following 
any prescribed order of passage. These refinements are, for 
the most part, more curious tlian useful; and the engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
number of boats. 

697. Feeders and Reservoirs. Having ascertained, from the 
preceding considerations, tlie probable supply which should be 
collected at the summit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be collected for 
its supply ; but it is found in practice that channels for the con* 
veyance of water must have certain slopes, and that these slopes, 
moreover, will regulate the supply furnished in a certain time, 
all other things being equal, in making, however, the survey 
of the country, from which the water is to be supplied to the 
fmnmit level, all the ground above it should be examined, leav* 
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kig the detenninatioii of the slopes for after consideratioiis. Tht 
survey for this object consists in making an accurate delineatioii 
of all the water-courses above the summit level, and in ascer- 
taining the quantity of water which can be furnished by each in 
a given time. This survey, as well as the measurement of the 
quantity of water furnished by each stream/ which is termed the 
gauging^ should be made in tne driest season of the year, in or- 
der to ascertain the minimum supply. 

698. The usual method of collecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
voirs. The feeder is a canal of a small cross section, which is 
traced on the surface of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
longitudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall deliver a certain supply in a 
given time. The smaller the slope given to the feeder, tne lower 
will be the points at which it will intersect the sources of supply, 
and therefore the greater will be the quantity of water which it 
will receive. This slope, however, has a practical limit, which 
is laid down at four inches in 1000 yards, or nine thousand base 
to one altitude ; and the greatest slope should not exceed that 
which would give the current a greater mean velocity than tliir- 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders are furnished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water collected by the feeders 
is deUvered at the reservoir ; the loss from various causes being 
much greater in them than in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it gathers from 
its sources of supply ; and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
resei ve for the necessary supply of the summit level. A reser- 
voir is usually formed by choosing a suitable site in a deep and 
narrow valley, which Ues above the summit level, and erecting a 
dam of earth, or of masonry, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected. 
The object to be attained, in this case, is to embody the greatest 
volume of water, and at the same time present the smallest 
evaporating surface, at the smallest cost for the construction ot 
the dam. 
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It is generally deemed best to have two reseiToirs for the sup* 
ply, one to contain the greater quantity of water, and the other^ 
wnich is termed the distributing reservoir, to regulate the sup- 
ply to the summit level. If, however, the summit level is very 
capacious, it may be used as the distributing reservoi}. 

The proportion between the quantity of water that falls upon 
a given sunace, and that which can be collected from it for the 
supply of a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is greatest in high latitudes, and in the winter and spring 
seasons ; with respect to the natural features, a wooded surface 
with narrow and deep valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this point by engi- 
neers. From some by Mr. J. B. Jervis, in reference to the 
reservoirs for the Chenango canal, in the state of New York, it 
appears that in that locality about two fifths of the quantity of 
rain may be collected for the supply of- a reservoir. The pro- 
portion usually adopted' by engineers is one third. 

The loss ot water from the reservoir by evaporation, fihration, 
and other causes, will depend upon the nature of tlie soil, and 
the exposure of the water surface. From observations made 
upon some of the old reservoirs in England and France, it ap- 
pears that the daily loss averages about half an inch in depth. 

700. The dams of reservoirs have been variously constructed: 
in some cases they have been made entirely of earth, (Fig. 167;) 




Flf . 167— RapKKDts the section of a dam with three disoharging enlTerts. 
A, body oC the dam. 
BtPond. 

«, a, a, cohrertB. with Tahrea at their inlets, which discharge into the Tertical well 6. 
e, €t e, grooves, m the faces oi* the side-waUs, which form the entrance to the colveita; 
for stop-plank 

d, stop-plaiik dam across the outlet of the bottom cabert, to dam back the water into 
the vertical well. 

e, parapet wall on top of the dam. 

in others, entirely of masonry ; and in others, of earth packed in 
between several parallel stone walls. It is now thouglit best lo 
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use either earth or masonry alone, according to the circum 
stances of the case ; the comparative expense of the two meth' 
ods being carefully considered. 

Earthen dams should be made with extreme care, of the best 
binding earth, well freed from every thmg that might cause fil- 
trations. A wide trench should be excavated to the firm soil, to 
receive the base of the dam ; and the earth should be carefully 
spread and rammed in layers not over a foot thick. As a farther 
precaution, it has in some instances been thought necessary to 
place a stratum of the best clay puddling in the centre of the 
dam, reaching from the top to three or four feet below the base. 
The dam may be from fifteen to twenty feet thick at top. The 
slope of the dam towards the pond should be from three to six 
base to one perpendicular ; the reverse slope need only be some* 
what greater than the natural slope of the earth. 

The slope of dams exposed to the water is usually faced 
with dry stone, to protect tne dam from the action of the surface 
ripple. Tills kind of facing has not been found to withstand 
well the action of the water when agitated by high winds. Upon 
some of the more recent earthen dams erected in France, a facing 
of stone laid in hydraulic mortar has been substituted for the one 
of dry stone. The plan adopted for this facing (Fig. 168) con- 
Fig. 16S— RepresentB the method 
of faciiif the pond dope of a 
dam, with low walls placed in 
offsets. 
A, body oT the dam. 

a, a. a, low walls, the faces of 
which are built in offsets. 

b, bf top surface of the offsets be- 
tween the walls, covered with 
stone slabs laid in mortar. 

r, top of dam faced like the off- 
sets 6. 
d, parapet wall. 

sists in placing a series of low walls, in offsets above each other, 
along the slope of the dam, covering the exposed surface of each 
offset, between the top of one wall and the foot of the next, with 
a coating of slab-stone laid in mortar. The walls are from five 
to six feet high. They are carried up in small offsets upon the 
face, and are made either vertical, or leaning, on the back. The 
width of the offsets of the dam, between die top of one wall and 
the foot of the next, is from two to three feet. 

An arched culvert, or a large cast-iron pipe, placed at some 
suitable point of the base of the dam, which can be closed or 
opened bv a valve, will serve for drawing off the requisite 
supply of water, and for draining the reservoir in case of re- 
pairs. 

The culvert should be strongly constructed, and the earth 
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around it be well puddled and rammed, to prevent filtrations. 
Its size should be sufficient for a man to enter it with ease. 
The valves may be placed either at the entrance of the culvert, 
or at some intermediate point between the two ends. Great 
care should be taken in their arrangement, to secure them from 
accidents. 

When the depth of water in a reservoir is considerable, several 
culverts should be constructed, (Fig. 167,) to draw off the water at 
different levels, as the pressure upon the lower valves in this case 
would be very great when the reservoir is full. They may be 
placed at intervals of about twelve feet above each other, and be 
arranged to disciiarge their water in a common vertical shaft. 
In this case it will be well to place a dam of timber at the outlet 
of the bottom culvert, in order to keep it filled with water, to 
prevent the injury which the bottom of it might receive from the 
water discharged from the upper culverts. 

The side walls which retain the earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
scantling laid horizontally between the walls, termed stop-planks^ 
to form a temporary dam, and cut off the water of the reser- 
voir, in case of repairs to the culverts, or to the face of the 
dam. 

The valves are small sliding gates, which are raised and low- 
ered by a rack and pinion, or by a square screw. The cross 
section of the culvert is contracted by a partition, either of ma- 
sonry or timber, at the point where the valve is placed. ♦ 

701. Dams of masonry are water-light walls, of suitable forms 
and dimensions to prevent filtration, and resist the pressure of 
water in the reservoir. The most suitable cross section is that 
of a trapezoid, the face towards the water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
sufficient stability. The wall should be at least four feet thick 
at the water line, to prevent filtration, and this thickness may be 
increased as circumstances may seem to require. Buttresses 
should be added to the exterior facing, to give the wall greater 
stability. 

702. Suitable dispositions should be made to relieve the dam 
from all surplus water during wet seasons. For this purpose 
arrangements should be made for cutting off the sources of sup- 
ply from the reservoir ; and a cut, termed a wnste-weir^ (Fig. 
169,) of suitable width and depth should be made at some point 
along the top of the dam, and be faced with stone, or wood, to 
give an outlet to the water over the dam. In high dams the 
total fall of the water should be divided into several partial fJEdls, 
by dividiiu[ the exterior surface over which the water runs into 
onsets. To break the shock of the water upon the horizontal 
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surfkce of the offset, it should be kept covered with a sheet <d 
water retained by a dam placed across its ouUet. 




Fig. 160— Renirenents a section of a waste-weir divided into two falls. 

A, body of the dam. I 

a, top of the waste-weir. i 

6, p(M>l, fomaed by a stop-plank dam at c. to break the fall of the water. { 

a. covering of loose stone to break the fall of the water from the pool above. \ 

703. In extensive reservoirs, in which a large surface is ex- 
posed to the action of the winds, waves might be forced over 
the top of the dam, and subject it to danger ; in such cases the 
precaution should be taken of placing a parapet wall towards 
the outer edge of the top of the aam, and facing the top through- 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
expenditure of water for the service of the navigation, it appears 
that isolated locks are more favorable under this point of view 
than locks in flights. The engineer is not, however, always left 
free l» select between the two systems ; for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of tne 
two methods, a flight is in most cases cheaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
suppression of the small gates, which are not needed in flights. 
It is, however, more diflicult to secure the foundations of com- 
bined than of single locks from the effects of the water, which 
forces its way from the upper to the lower level under the locks. 
Where an active trade is carried on, a double flight is sometimes 
arranged ; one for the ascending, the other for the descending 
boats. In this case the water which fills one flight may, after 
(tie passage of the boat, be partly used for the other, by an 
arrangement of valves made in the side wall separating the 
locks. 

The Uft of locks is a subject of importance, both as regards 
the consumption of water for the navigation, and the economy 
of construction. Locks with great lifts, as may be seen from | 

the remarks on the passage of boats, consume more water than 
Ibose with smidl lifts^ They require also more care in ^ir 
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construction, to preserve them from accidents, owing to the great 
pressure of water against their sides. The expense of construc- 
tion is otherwise in their favor; that is, the expense will increase 
with the total number of locks, the height to oe ascended beinff 
the sam«^. The smallest lifts are seldom less than five feet, and 
the greatest) for ordinary canals, not over twelve ; medium lifts 
of seven or eight feet are considered the best under every point 
of view. This is a point, however, which cannot be settled 
arbitrarily, as the nature of the foundations, the materials used, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefully weighed before adopting a 
definitive plan. 

The lifts of a flight should be the same throughout ; but in 
isolated locks the lifts may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with care, the lifts of locks which are furnished from it 
may be less than those lower down. 

705. Levels. The position and the dimensions of the levels 
must be mainly determined by the form of the natural surface. 
Those points are naturally chosen to pass from one level to 
another, or as the positions for the locks, where there is an ab- 
rupt change in the surface. 

A level, by a suitable modification of its cross section, can be 
made as short as may be deemed desirable ; there being but one 
point to be attended to in this, which is, that a boat passing be- 
tween the two locks, at the ends of the level, will have time to 
enter either lock before it can ground, on the supposition, that 
the water drawn off to fill the lower lock, while the boat is tra- 
versing the level, will just reduce the depth to the draught of the 
boat. 

706. Locks. A lock (Fig. 170) may be divided into three 
distinct parts : — 1st. The part included between the two gates, 
which is termed the cliamber. 2d. The part above the upper 
ffates, termed the forey or head-bay. 3d. The part below the 
lower gates, termed the afU or tail-bay. 

707. The lock chamber must be wide enough to allow an 
easy ingress and egress to the boats commonly used on the ca- 
nal ; a surplus width of one foot over the width of the boat across 
the beam is usually deemed sufiScient for this purpose. The 
length of the chamoer should be also regulated by that of tlie 
boats; it should be such, that when the boat enters the lock 
from the lower level, the tail-gates may be shut without requiring 
the boat to unship its rudder. 

The plan of the chamber is usually rectangular, as this ionn 
is, in every respe»:^t, superior to all others. In the cross sectioii 
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fifi 170— ReprawBts a plan M, and a leetkm N, through the axii of a ilagle lock laid oa a to* 
lOB foundation.— A, lock-chamber. B, fbro-bay. C, tall-bay. a, a, chamber-walli. ft, A, i^ 
eeiiOB Gt chambers in the side walls for upper-gates. CfC, lower-gate chambers. d;< UB 
wall and tipper mitie sill, e, «, lower mitre sill. A, A, tail walls, e, e, bead walla, m, n, 
vpper wing, orietnm walls. », a, lower wing walls. D, body of masonry under the Ibra-tay 
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«i die chamber, (Fig. 171,) the sides receire genenlly a sli^^t 

Fie. 171— RepfeMBte a teetkii of FIf. 110, ttuongk 
the chamber. 

A, A, chamber walb. 

B, chamber fanned with an inTeited-arah bottom. 



batter ; as when so arranged they are found to give greater fa- 
cility to the passage of the boat than when vertical. The bot- 
tom of the chamber is either flat or curved ; more water will be 
required to fill the flat-bottomed chamber than the curved, but it 
will require less masonry in its construction. 

708. The chamber is terminated just within the head gates by 
a vertical waU, the plan of which is usually curved. As this 
wall separates the upper from the lower level, it is termed the 
lift'ivail ; it is usually of the same heiffht as the lift of the lev- 
els. The top of the lift-wall is formed of cut stone, the vertical 
joints of which are normal to the curved face of the wall ; this 
top course projects from six to nine inches above the bottom of 
the upper level, presenting an angular point, for the bottom of 
the head-gates, when shut, to rest against. This is termed the 
mitre-sUL Various degrees of opening have been given to the 
angle between the two branches of the mitre-sill ; it is, however, 
generally so determined, that the perpendicular of the isosceles 
triangle, formed by the two branches, shall vary between one 
fifth and one sixth of the base. - 

As stone mitre-siUs are liable to injury from the shock of the 
gate, they are now usuaUy constructed of timber, (Fig. 172,) by 



Fig. 179— Refiieaenti a plan of a wooden mitie- 
■ill, and a bornontal eectkm of a lodk-gate 
(Fif . 173) cloaed. 

«, a, mitre-eUl ftamed with the piecee h and e, 
and fimly faetoned to the ode walk A, A. 

d^ section of qwrin poila of lock-gate. 

r, oection of mitre posts. 



firaminff two strong beams with the proper angle for the sate 
when closed, and securing them firmly upon the top of the lift- 
waU. It will be well to place the top of the mitre-sill on the 
lift^wall a little lower than the bottom of the canal, to preserve 
it from being struck by the keel of the boat on entering, or 
leaving the lock. 

709. The cross section of the chamber walls is usually tzape- 
' 1; the &ciDg receives a slight batter. The chamber walli 
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are exposed to two opposite efforts ; the water in the lock Mi 
one side, and the embankment against the wall on the other. 
The pressure of the embankment is the greater as well as the 
more permanent effort of the two. The dimensions of the wall 
must be regulated by this pressure. The usual manner of doing 
this, is to make the wall four feet thick at the water Une of the 
upper level, to secure it against filtration ; and then to determine 
the base of the batter, so that the mass of masonry shall present 
sufficient stability to counteract the tendency of the pressure. 
The spread, and other dimensions of the foundations, will be 
regjolated according to the nature of the soil, in the same way 
as in other structures. 

710. The bottom of the chamber, as has been stated, may be 
either flat or curved. The flat bottom is suitable to very firm 
soils, which will neither yield to the vertical pressure of the 
chamber walls, nor admit tlie water to filter from the upper level 
under the bottom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as tnis form 
will oppose greater resistance to the upward pressure of the 
water under the bottom, and will serve to distrioute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depend on the 
width of tlie chamber, and the nature of the soil. Were the 
soil a solid rock, no bottoming would be requisite ; if it is of soft 
mud, a very solid bottoming, from three to six feet in thickness, 
might be requisite. 

711. The principal danger to the foundations arises from the 
water which may niter from the upper to the lower level, under 
the bottom of the lock. One preventive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the end 
of the head-bay ; another, wluch is more expensive, but more 
certain in its effects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and filling it with 
beton, which unites at top with the masonry of the head-bay. 
Similar trenches might be placed under the chamber were it 
considered necessaiy. 

712. The lift-wall usually receives the same thickness as the 
chamber walls ; but, unless the soil is very firm, it would be 
more prudent to form a general mass of masonry under the en- 
tire head-bay, to a level witli the base of the chamber founda- 
tions, of which mass the lift-wall should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of tlie side walls of the lock. They are ter- 
minated by two wing walls, which it will be found most eco- 
nomical to run back at right angles with the side walls. A re* 
icess, termed the gate-chamber, is made in the wall of the I 
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bay ; the depth of this recess should be sufficient to allow the 

Sate, when open, to fall two or three inches within the facing of 
le wall, so that it may be out of the way when a boat is pass- 
ing ; the length of the recess should be a few inches more than 
the width of the gate. That part of the recess where the gale 
turns on its pivot is termed the hollow quoin ; it receives what 
is termed the heel^ or quoin-post of the ffate, which is made of a 
suitable form to fit the hollow quoin. The distance between the 
iiollow quoins and the face of the lift-wall will depend on the 
pressure against the mitre-sill, and the strength of the stone ; 
eighteen inches will generally be found amply sufficient. 

The side walls need not extend more than twelve inches be 
vond the other end of the gate-chamber. The wing walls may 
be extended back to the total width of the canal, but it will be 
more economical to narrow the canal near the lock, and to ex- 
tend the wing walls only about two feet into the banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
regulated in the same way as the chamber walls. 

The bottom of the head-bay is flat, and on the same level with 
the bottom of the canal ; the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714. The gate-chambers for the lower gates are made in the 
chamber walls ; and it is to be observed, that the bottom of the 
chamber, where the gates swing back, should be flat, or be oth- 
erwise arranged not to impede 3ie play of the gates. 

715. The side walls of the tail-bay are also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece- 
ding cases. Their length will depend chiefly on the pressure 
which the lower gates throw against them when the lock is full ; 
and partly on the space required by the lock-men in opening and 
shutting gates manoeuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
walls, similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should, in both 
cases, either be curved, or the stones at the angles be rounded 
off. One or two perpendicular grooves are sometimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shut off the water ot the lower level 
from the chamber, in case of repairs, &c. Similar arrangements 
might be made at the head-bay, but they are not indispensable 
in either case. 

The strain on the walls at the hollow quoins is greater tiian al 
any other points, owing to the pressure at those points from the 
fKtiOBf when they are shut, and to the action of the gates when 
^' \; to counteract this, and strengthen the walls, but- 
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tresaes should be placed at the back of the walby in the moat 
fevorable position oehind the quoins to subserve the object in 
Yiew. 

The bottom of the tail-bay is arranged, in all respects, like 
that of the head-bay. 

716. The top of the side walls of the lock may be from one 
to two feet aboTe the general level of the water in the upper 
reach; the top course of the masonry being of heavy lar^ 
blocks of cut stone, although this kind of coping is not indis- 
pensable, as smaller masses have been found to suit the same 

fmrpose, but they are less durable. As to the masonry of the 
ock, in general, it is only necessary to observe, that those parts 
alone need be of cut stone where there is great wear and tear 
firom any cause, as at the angles generally ; or where an accu- 
rate finish is indispensable, as at the hollow quoins. The other 
parts may be of brick, rubble, beton, &c., but every part should 
be laid in the best hydraulic mortar. 

717. The fiUing and emptying the lock chamber have given 
rise to various discussions and experiments, all of which have 
been reduced to the comparative advantages of letting the water 
in and off by valves made in the gates themselves, or by culverts 
in the side walls, which are opened and shut by valves. When 
the water is let in through valves in the gates, its effects on the 
sides and bottom of the chamber are found to be very injurious, 
particularly in high hft-walls ; besides the inconvenience result- 
ing from the agitation of the boat in the lock. To obviate this, 
in some degree, it has been proposed to give the lift-wall the 
form of an inclined curved surface, along which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an eUiptical cross section, which are made in the mass 
of masonry of the side-walls, to convey the water from the up- 
per level to the chamber. These culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the chamber, from the lift-wall to the end of the tail-wall, and 
have several outlets leading to the chamber. They are arranged 
with two valves, one to close the mouth of the culvert, at the 
upper level, the other to close the outlet firom the chamber, to 
the lower level. This is, perhaps, one of the best arrangements 
for side culverts. They all present the same difficulty in making 
repairs when oui of « ier, and they are moreover veiy subject 
to accidents. They are therefore on these accounts inferior to 
valves in the gates. 

719. It has also been proposed, to avoid the inconveniencci 
of culverts, and the disadvantages of lift^walls, by suf^ressiitf . 
the latter, and gradually increasing the depth of the upper kva£ 
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to die bottom of the chamber. This method presents a saving 
in the mass of masonry, but the gates will cost more, as the 
bead and tail gates must be of the same height. It would en- 
tirely remove the objection to valves in the gates, as the current 
through them, in this case, would not be sufficiently strong to 
injure the masonry. 

720. The bottom of the canal below the lock should be pro* 
tected by what is termed an apron, which is a covering of plank 
laid on a grillage, or else one of brush-wood and dry stone. The 
sides should also be faced with timber or dry stone. The length 
of this facing will depend on the strength of the current ; gene- 
rally not more than from fifteen to thirty feet from the lock will 
require it. The entrance to the head-bay is, in some cases, 
similarly protected, but this is unnecessary, as the current has 
but a very slight effect at that poinL 

721. Locks constructed of timber and dry stone, termed com- 
posite-locksy are to be met with on several of the canals of the 
united States. The side walls are formed of dry stone carefully 
laid ; the sides of the chamber being faced with plank nailed to 
horizontal and upright timbers, which are firmly secured to the 
dry stone waHs. The walls rest upon a platform laid upon heavy 
beams placed transversely to the axis of the lock. The bottom 
of the chamber usually receives a double thickness of plank 
The quoin-posts and mitre-sills are formed of heavy beams. 

722. Lock Gates. A lock gate (Fig. 173) is composed of two 
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leaves, each leaf consisting of a solid frame-work covered on 
the side towards the water with thick plank made water-tight 
The frame usually consists of two uprights, of several horizon- 
tal cross pieces let into the uprights, and sometimes a diagonal 
piece, or brace, intended to keep the frame of an invariable 
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form, is added. The upright^ around which the leaf turns, tenned 
the quoin or heeUpost, is rounded off on the back to fit in the 
hollow <}uoin ; it is made slightly eccentric with it, so that it may 
turn easily without rubbinff against the quoin ; its lower end rests 
on an iron gudgeon^ to which it is fitted by a corresponding in- 
dentation in an iron socket on the end ; the upper extremity is 
secured to the side walls by an iron collar, within which the post 
turns. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor^ironSy which 
are firmly attached by bolts, or a lead sealing, to the top course 
of the walls. One oi the anchor-irons is placed in a line with 
the leaf when shut, the other in a line with it when open, to re- 
sist most effectually the strain in those two positions of the sate. 
The opposite upright, termed the mitre-'post, has one edge dct- 
elled off, to fit against the mitre-post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beam, from its 
partially balancing the weight of the leaf, rests on the quoin 
post, to which it is secured, and is mortised with the mitre post. 
The balance beam should be about four feet above the top of the 
lock, to be readily manoeuvred ; its principal use being to open 
and shut the leaf. 

724. The top cross piece of the gate should be about on a 
level with the top of the lock ; the bottom cross piece should 
swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be made to depend on their dimen- 
sions : if they are of the same dimensions, tliey should be placed 
nearer together at the bottom, as the pressure of the water is 
there greatest; but, by making them of unequal dimensions, 
they may be placed at equal distances apart ; tiiis, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either parallel to the uprights, or 
parallel to the diagonal brace ; in the latter position they will act 
with the brace to preserve the form of the frame. 

725. A wide board supported on brackets, is often affixed to 
the gates, both for the manoeuvre of the machinery of the valves, 
and to serve as a foot bridge across the lock. The valves are 
small gates which are arranged to close the openings made in 
the gates for letting in, or drawing off the water. They are ar- 
ranged to slide up and down in grooves, by the aid of a rack and 
pinion, or a square screw ; or they may be made to open or shut 
Dv turning on a vertical axis, in which case they are termed pad- 
dle gates. The openings in the upper gates are made between 
the two lowest cross pieces. In the lower gates the openings 
are placed just below the surface of the water in the reacn. t£s 
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size of the opening will depend on the time in which it is re* 
quired to fill the lock. 

726. Accessory Works, Under this head are classed those 
constructions which are not a part of the canal proper, although 
generally found necessary on all canals : as the culverts for con- 
veying off the water courses which intersect the Une of the canal; 
the inlets of feeders for the supply of water ; aqueduct bridges, 
&c. &c. 

727. Culverts, The disposition to be made of water courses 
intersecting the line of the canal will depend on their size, the 
character of their current, and the relative positions of the canal 
and stream. 

Small brooks which he lower than the canal may be conveyed 
under it through an ordinary culvert. If the level of the canal 
and brook is nearly the same, it will then be necessary to make 
the culvert in the shape of an inverted syphon, and it is therefore 
termed a broken-back culvert. If the water of the brook is 
generally limpid, and its current gentle, it may, in the last case, 
be received into the canal. The communication of the brook, or 
feeder, with the canal, should be so arranged that the water may 
be shut off, or let in at pleasure, in any quantity desired. For 
this purpose a cut is made through the side of the canal, and the 
sides and bottom of the cut are faced with masonry laid in hy- 
drauUc mortar. A sliding gate, fitted into two grooves made in 
the side walls, is manceuvred by a rack and pinion, so as to reg- 
ulate the quantity of water to be let in. The water of the feeder, 
or brook, should first be received in a basin, or reservoir, near 
the canal, where it may deposite its sediment before it is drawn 
off. In cases where the line of the canal is crossed by a torrent, 
which brings down a large quantity of sand, pebbles, occ, it may 
be necessary to make a permanent structure over the canal, form- 
ing a channel for the torrent ; but if the discharge of the torrent 
is only periodical, a moveable channel may be arranged, for tlie 
same purpose, by constructing a boat with a deck and sides to 
form the water-way of the torrent The boat is kept in a recess 
in the canal near the point where it is used^ and is floated to its 
position, and sunk when wanted. 

728. Aqueducts, ^. When the line of the canal is intersect- 
ed by a wide water-course, the conununication between the two 
shores must be effected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As the 
construction of aqueduct bridges has already been considered, 
nothing farther on tliis point need here be added. The expe- 
dient of crossing the stream by the boats may be attended with 
many grave inconveniences in water courses liable to freshets, 
or to considerable variations of .^evel at different seasons. In 
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these cases locks must be so arranged on each side, where the 
canal enters the stream, that boats may pass from the one to the 
other under all circumstances of difference of level between the 
two. The locks and the portions of the canal which join the 
stream must be secured a^nst damage from freshets by suita* 
ble embankments ; and, when the summer water of the stream 
is so low that the navigation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
during this epoch. 

729. Canal Bridges. Bridges for roads over a canal, termed 
canal-bridgesy are constructed Tike other structures of the same 
kind. In planning them the engineer should endeavor to give 
sufficient heigiit to the bridge to prevent those accidents, of but 
too frequent occurrence, from persons standing upright on the 
deck of the passage-boat while passing under a bridge, 

730. Waste-l^ier. Waste- wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The best arrangement for a waste-wier is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. The sides and bottom of the cut must be faced with ma- 
sonry, and have grooves left in them to receive stop-plank, or a 
sUding gate, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, or 
to drain the level completely. 

731. Temporary Dams. In long levels an accident happen- 
ing at any one point might cause serious injury to the navigation, 
besides a great loss of water. To prevent this, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to tlie width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a temporary dam for shutting off the water 
on either side. 

732. Ttcfe, or Guard Lock, The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speaking, a bar will be found in the principal water course at, 
or below, the points where it receives its affluents. When the 
canal, therefore, follows the valley of an affluent, its outlet 
should be placed below the bar, to render its navigation perma- 
nently secure from obstruction. A large basin is usually lormed 
at the outlet, for tlie convenience of commerce ; and the entrance 
frx)m this basin to the canal, or from the river to the basin, is ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as the level m the one 
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18 liigher or lower than that in the other. A lock 90 arran^ is 
termed a tide, or guard locky firom its uses. The position of 
the tail of this lock is not indifferent in all cases where it forms 
the outlet to the river ; for were the tail placed up stream, it 
would be more diflSicult to pass in or out, than if it were down 
stream. 

733. The general dimensions of canals and their locks in this 
country and m Europe, with occasional exceptions, do not differ 
in any considerable degree. 

English Canals. Two classes of canals are to be met with in 
England, differing materially in their dimensions. The following 
are the usual dimensions of the cross section of the largest size* 
and those of their locks : — 

Width of section at the water level, from 36 to 40 feet 
Width at bottom, .... 24 " 

Depth, 6 " 

Length of lock between mitre-sills, 75 to 85 " 

Width of chamber, . . . . 15 " 

The Caledonian canal, in Scotland, which connects Loch-Eil 
on the Western sea with Murray Firth on the Eastern, is re- 
markable for its size, which will admit of the passage of frigates 
of the second class. The following are the principal dimensions 
of the cross section of the canal and iu locks : — 

Width of canal at the water level. 

Width at bottom. 

Depth of water, .... 

Width of berm, . . . " . 

Length of lock between mitre-sills, 

Width of chamber at top. 

Lift of lock, 

The side walls of the locks are built with a curved batter ; 
they are of the uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feet apart, which are 4 feet wide 
and of the same thickness. The bottom of the chamber is form 
ed with an inverted arch. 

French Canals. In France the following uniform system has 
been established for the dimensions of canals and their locks - — 

Width of canal at water level, . • 52 feet. 

Width at bottom, . . . 33 to 36 " 

Depth of water, 5 " 

Length of lock between mitre-sills, . 115'' 

Width of lock, 17 « 

Thk boats adapted to these dimensions are from 105 to 106 
feet long, 16^ feet across the beam, and have adraught of 4 feet 
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The English and French canals usually have but one towv|ialh, 
which is from 9 to 12 feet wide, and about 2 feet above the w»* 
ter level. The side of the tow-path embankment next to the 
water-way, is usually faced either with dry stone, masonry, or 
planks retained by short piles. 

Canals of the United States and Canada, The original di- 
mensions of the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 
most ojf the other states. The dimensions of this canal and its 
locks are as follows : — 

Width of canal at top, .... 40 feet 
Width at bottom, .... 28 " 

Depth of water, 4 " 

Width of tow-path, . . . 9 to 12 " 

Length of locks between mitre-sills, . 90 ^' 

Width of locks, .... 15 " 

For the enlargement of the Erie canal, the following dimen* 
sions have been adopted : — 

Width of canal at top, .... 70 feet. 

Width at bottom, .... 42 " 

Depth of water, 7 " 

Width of tow-path, .... 14 " 

Length of locks between mitre-sills, . 110 '' 

Width of lock at top, • . . 18.8 " 

Width of lock at bottom, . . . 14.6 " 

Lift of locks, 8 " 

Between the double locks a culvert is placed, which allows 
the water to flow from the level above the lock to the one below, 
when there is a surplus of water in the former. 

A well, or pit, is left between the lift-wall of the lock and the 
cross wall which retains the earth at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and gravel brought down by the current, prevents it from 
obstructing the play of Uie gates. 

On the Chesapeake and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimen- 
sions : — 

Width of canal at top, .... 60 feet. 
Width at bottom, .... 42 " 

Depth of water, 6 *' 

Length of locks between mitre-sills, . 90 " 

Width of locks, 16 " 

The followinff dimensions have been adopted on the Janes 
river canal, in Virginia : — 
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Width of canal at top, .... 50 feet 
Width at bottom, .... 30 " 

Depth of water, 5 " 

Length of locks, . . . . 100 " 

Width of locks, 15 " 

The Rideau canal, which connects Lake Ontario with the 
River Ottawa, is arranged for steam navigation. A considerable 
portion of this line consists of slack-water navigation, formed by 
connecting the natural water-courses between the outlets of the 
canal. Tne length of the locks on this canal is 134 feet between 
the mitre-sills, and their width 33 feet. 

The Welland canal, between lakes Erie and Ontario, as origin- 
ally constructed, received the following dimensions : — 

Width of canal at top, .... 56 feet. 
Width at bottom, .... 24 " 

Depth of water, 8 " 

Length of locks betwen mitre-siUs, . 1 10 '^ 

Width of locks, 22 " 

The canals and locks made to avoid the dangerous rapids of 

the St. Lawrence are in all respects among the largest in the 

world. The following are the dimensions of the portion of the 

canal and the locks between Long Sault and Cornwall : — 

Width of canal at top, . . . .132 feet. 

Width at bottom, . . . . 100 *' 

Depth of water, 8 " 

Width of tow-path 12 " 

Length of locks between mitre-siUs, . 200 '' 

Width of locks at top, . , . 56.6 " 

Width of locks at bottom, ... 43 " 

A berm of 5 feet is left on each side between the water way 

and the foot of the interior slope of the tow-path. The height 

of the tow-path is 6 feet above the berm. By increasing the 

depth of water in the canal to 10 feet, the water line at top can 

be increased to 150 feet. 
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RIVERS. 

734. Natural features of Rivers. All rivers present the same 
natural features and phenomena, which are more or less strongly 
marked and diversified by the character of the region through 
which they flow. Taking their rise in the highlands, and gradu- 
ally descending thence to some lake, or sea, their beds are mod- 
ified by the nature of the soil of the valleys in which they lie, 
and the velocities of their currents are affected by the same 
causes. Near their sources, their beds are usually rocky, irregular, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the oeds become wider and more regular, the de- 
clivity less, and the current more gentle and uniform. In the 
upper portions of the beds, their direction is more direct, and the 
obstructions met with are usually of a permanent character, aris- 
ing from the inequalities of the bottom. In the lower portions, 
the beds assume a more tortuous course, winding through their 
valleys, and forming those abrupt bends, termed elbows^ which 
seem subject to no fixed laws ; and here are found those ob- 
structions, of a more changeable character, termed bars, which 
are caused by deposites in the bed, arising from the wear of the 
banks by the current. 

736. The relations which are found to exist between the cross 
section of a river, its longitudinal slope, the nature of its bed, 
and its volume of water, are termed the regimen of the river. 
When these relations remain permanently invariable, or change 
insensibly with time, the river is said to have dL fixed regimen, 

736. Most rivers acquire in time a fixed regimen, although 
periodically, and sometimes accidentally, subject to changes 
lirom freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into the 
bed, cause corresponding changes in the velocity of the current, 
and in the form and dimensions of the bed. These changes will 
depend on the character of the soil, and tlie width of tlie valley. 
In narrow valleys, where the banks do not readily yield to the 
action of the current, the effects of any variation of velocity will 
only be temporarily to deepen the bed. In wide valleys^ where 
the soil of the banks is more easily worn by the current than tlie 
bottom, any increase in the volume of water will widen the bed ; 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually shifted to* 
wards the concave side of the elbow. 
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737. The foimation of elbows oQca9ioii8 also Tariations in the 
J.epth and velocity of the water. The greatest depth is found 
At the concave sidfe. At the straight portions which connect two 
elbows, the depth is found to decrease, and the velocity of the 
current to increase. The Jbottom of the bed thus presents a se- 
ries of undulations, forming shallows and deep pools, with rapid 
4nd gentle currents. 

738. Bars are formed at those points, where from any cause 
the velocity of the current receives a sudden check. The 
particles suspended in the water, or borne along over the bottom 
of the bed by the current, are deposited at these points, and con- 
tinue to accumulate, until, by the gradual fiUing of the bed, the 
water acquires sufficient velocity to bear farther on the particles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points at which these chances of velocity usually 
take place, and near which bars are found, are at the junction of 
a river with its affluents, at those points where the bed of the river 
receives a considerable increase in width, at the straight portions 
of the bed between elbows, and at the outlet of the river to the 
sea. The character of the bars will depend upon that of the soil 
of the banks, and the velocity of the current. Generally speak- 
inj;, tlie bars in the upper portions of the bed will be composed 
ofparticles which are larger than those by which they are formed 
lower down. These accumulations at the mouths of large rivers 
form in time extensive shallows, and great obstructions to the 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient, outlet by the ordinary channel, ex- 
cavates for itself others through the most yielding parts of the 
deposites. In this manner are formed those features which char- 
acterize the outlets of many large rivers, and which are termed 
de/to, after the name given to the peculiar shape of the outlets 
of the Nile. 

740. River Improvements. There is no subject that falls with- 
in the province of the engineer's art, that presents greater diffi- 
culties and more uncertain issues than the improvement of rivers. 
Ever subject to important changes in their reffimen, as the re- 

fions by which they are fed are cleared of meir forests and 
rought under cultivation, one century sees them deep, flowing 
with an equable current, and liable only to a gradual increase in 
volume during the seasons of freshets ; while the next finds their 
beds a prey to sudden and great freshets, which leave them, after 
their violent passage, obstructed by ever shifting bars and elbows. 
Besides these revolutions brought about in the course of years, 
every obstruction temporarily placed in the way of the current 
fsve^ attempt to guard one point from) its action by aiqr arbfioial 
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means, inevitably produces some coiresponding change at another 
which can seldom be foreseen, and for which the remedy applied 
may prove but a new cause of harm. Thus, a bar removea from 
one point is found gradually to fonn lower down ; one bank pro- 
tected from the current's force transfers its action to the opposite 
one, on any increase of volume from freshets, widening tne bed, 
and frequently giving a new direction to the channel. Owing to 
these ever varying causes of change, the best weighed plans of 
river irapiovement sometimes result in complete failure. 

741. In forming a plan for a river improvement, the principal 
objects to be considered by the engineer, are, 1st, The means to 
be taken to protect the banks from the action of the current. 
2d, Those to prevent inundations of the surrounding country. 
3d, The removal of bars, elbows, and other natural obstructions 
to navigation. 4th, The means to be resorted to for obtaining a 
suitable depth of water for boats, of a proper tonnage, for the 
trade on the river. 

742. Means for protecting the banks. To protect the banks, 
either the velocity of the current in-shore must be decreased so 
as to lessen its action on the soil ; or else a facing of some ma- 
terial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle declivity. The simplest plan for this purpose con- 
sists either in planting such shrubbery on the dechvity as will 
thrive near water ; or by driving down short pickets and interla- 
cing them witli twigs, forming a kind of wicker-work. These conr 
structions break t))e foFce of tlie current, and diminish its velocity 
near the shore, and thus cause the water to deposite its finer par- 
ticles, which ^dually fill out and strengthen the banks. It the 
banks are hidn, and are subject to cave in from the action of the 
current on their base, they may be either cut down to a gentle 
declivity, as in the last case ; or else they may receive a slope 
of nearly 45°, and be faced with dry stone, care being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laid in alternate layers. 

743. Measures against inundations. At the points in the 
course of a river whejpe inundations are to be apprehended, the 
water-way, if practicable, should be increased ; all obstructions 
to the free discharge of the water below the point should be re- 
moved ; and dikes of earth, usually termed levees^ should be 
raised on each side of the river. By increasing the water-way a 
temporary improvement only will be effected ; for, except in the 
season oi fireshets, the velocity of the current at this point will be 
so much decreased as to form deposites, which, at some future 
day, may prove a cause of damage. In confining the water be- 
tween levees, two methods have been tried ; the one consists in 
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leannff a water-way strictly necessary for tfa^ dischaive of fresh- 
ets ; the other in giving the stream a wide beil. The ro in Italy 
and the Mississippi present examples of the *ormer method; the 
eiFect of which in both cases has been to laise the bed of the 
stream so much that in many parts the water is habitually above 
the natural surface of the country, leaving it exposed to serious 
inundations should the levees give way. The other method 
has been tried on the Loire in France, and observation has 
proved that the general level of the bed has not sensibly risen 
for a long series of years ; but it has been found that the bars, 
which are formed after each freshet, are shifted constantly by 
the next, so that when the waters have subsided to their ordinary 
state, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new channels at the ex- 
posed points, or building dams above tliem to keep the ^ater 
back ; but they have all been found to afford only a temporary 
relief. 

744. Elbows. The constant wear of the bank, and shifting 
of the channel towards the concave side of elbows, have led to 
various plans for removing the inconveniences which they pre- 
sent to navigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termed unV^- 
damsy from the concave side into the stream, placing them either 
at right angles to the thread of the current, or obliquely down 
stream, so as to deflect the current towards the opposite shore 
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Wing-dams are usually constructed either of blocks of stone 
'Sf cnb*work formed of heavy timbers filled in with broken stone 
or of alternate layers of gravel and fascines. Within a few years 
back, wing-dams, consisting simply of a series of vertical frames, 
or ribs, (Fig. 174,) strongly connected together, and covered on 
the up-stream side by thick plank, which present a broken in- 
clinea plane to the current, the lower part of which is less steep 
than the upper, have been used upon the Po, with, it is statec^ 
complete success, for arresting the wear of a bank by the cur- 
rent. These dams are placed at some distance above the point 
to be protected, and their plan is slightly convex on the up-stream 
side. 

Wing-dams of the ordinary form and construction are now 
regarded, from the experience of a long series of years on the 
Rhine, and some other rivers in Europe, as little serviceable, if 
not positively hurtful, as a river improvement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the current asainst the side of the dam causes 
whirls and counter-currents, which are found to undermine the 
base of the dam, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream, near the dam, by the debris 
borne along by the current after it passes the dam, giving veiy 
frequently a more tortuous course to the channel than it had na- 
turally assumed in the elbow. The best method yet found of 
arresting the progress of an elbow is to protect the concave bank 
by a facing of diy stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving them the slope they 
naturally assume when thus thrown in. 

745. Elbows upon most rivers finally reach that state of de- 
velopment in whicn the wear upon the concave side, firom the 
action of the current, will be entirely suspended, and the regi- 
men of the river at these points will remain stable. This state 
will depend upon the nature of the soil of the banks and bed» 
and the character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yards, preserve a fixed regimen ; and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly faced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cutting across the tongue of 
land that forms the convex bank of the elbow, and turning the 
water into a new channel, ft has generally been found that the 
stream in time forms for itself a new bed of nearly the same char 
acter as it originally had. 

747. Bar^. To obtain a sufiicient depth of water over bars, 
the deposite must either be scooped up oy machineiy, and be 
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conTeyed away, 9r be removed by giving an increased velocity 
to the current. When the latter plan is preferred, an artificial 
channel is formed, by contracting the natural way, confining it 
between two low dikes, which should rise only a htde above the 
ordinary level of low water, so that a sufficient outlet maybe left 
for the water during the season of freshets, by allowing it to flow 
over the dams. 

If the river separates into several channels at the bar, dams 
should be built across all except the main channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main channel is 
confined, should be placed as nearly as practicable in the direc- 
tion which the channel has naturally assumed. If it be deemed 
advisable to change the position of the channel, it should be shift- 
ed to that side of the bed which will yield most readily to the 
action of the current. 

748. In situations where large reservoirs can be formed near 
the bar, the water from them may be used for removing it. For 
this purpose an outlet is made firom the reservoir, in the direction 
of the bar, which is closed by a gate that turns upon a vertical 
axis, and is so arranged that it can be suddenly thrown open to 
let off the water. The chase of water formed in this way sweep- 
ing over the bar will prevent the accumulation of deposites upon 
iL This plan is frequently resorted to in Europe for the removal 
of deposites that accumulate at the mouth of luirbors in those lo- 
calities where, from the height to which the tide rises, a great 
head of water can be obtained in the reservoirs. 

749. In the improvement of the mouths of rivers which empty 
into the sea through several channels, no obstruction should be 
placed to the free ingress of the tides through all the channels. 
n the main channel is subject to obstiuctions from deposites* 
dams should be built across the secondary channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction from the gates, while the 
ebb-tide, causing the gates to close, will be forced to recede 
iiirough the main channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be effected by building dams without inlets across 
the secondary channels, givinff them such a height that at a cer- 
tain stage of the flood-tide, the water will flow over them, and 
fill the channels above the dams. The portion of water thus 
dammed in will be forced through the main channel at the ebb. 

750. When the bed is obstructed by rocks, it may be deepened 
by blastinff the rocks, and removing the fii^^pnents with the as- 

VuliDce of the diving*bell, and other machmery. 
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761. In tome of our riyen, obstnictionB of a rerj dtsngegon 
character to boats are met with, in the trunks of' large trees 
which are imbedded in the bottom at one end, while the other is 
near the surface ; they are termed snags and sawyers by the 
boatmen. These obstructions baye been yery successfbby re 
moyed, within late years, by means of machinery, and by pro* 

Celling two heayy boats, moyed by steam, which are connected 
y a strong beam across their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it 
Other oDstructions, termed rq/b, formed by the accumulation of 
drift wood at points of a river's course, are also found in some 
(rf our western riyers. These are also in process of removal, by 
cutting through them by yarious means which haye been found 
successful. 

752. Slack*Water Navigation. When the general depth of 
water in a river is insufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement, termed 
slack'VHUer^ or lack and dam navigation^ is resorted to. This 
consists in dividing the course into several suitable ponds, by 
forming dams to keep the water in the pond at a constant head ; 
and by passing from one pond to another by locks at the ends of 
the dams. 

753. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will generally be advisable to place the dams at the widest 
parts 01 the bedf, to obtain the greatest outlet for the water over 
the dam. The dams may be built either in a straight line be* 
tween the banks and perpendicular to the thread of the current, 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the convex surface being up stream, or it 
may be a broken line presenting an ansle up stream. The three 
last forms offer a greater outlet than me nrst to the water that 
flows over the dam, but are more liable to cause injury to the 
bed below the stream, from the oblique direction which the cur- 
rent may receive, arising from the form of the dam at top. 

754. The cross section of a dam is usually trapezoidal, the 
face up-stream being inclined, and the one down-stream either 
vertical or inclined. When the down stream face is vertical, the 
velocity of the water which flows over the dam is destroyed by 
the shock against the water of the pond below the dam, but 
whirls are formed which are more destructive to the bed than 
would be the action of the current upon it along the inclined fact 
of a dam. In all cases the sides and bed of the stream, for some 
distance below the dam, should he protected from the action of 
the current by a facing of dry stone, timber, or any olhcar > 
struction of sufficient ourability for the object in view. - - 
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755. The dams should receive a sufficient he^ht only to 
maintain the requisite depth of water in the ponds £r the pur- 
poses of navigation. Any material at hand, oiFering sufficient 
durability against the action of the water, may be resorted to in 
their construction. Dams of alternate layers of brush and gravel, 
with a facing of plank, fascines, or dry stone, answer very well 
in gentle currents. If the dam is exposed to heavy freshets, to 
shocks of ice, and other heavy floating bodies, as drifUwood, it 
would be more prudent to form it of dry stone entirely, or of 
crib-work filled with stone ; or, if the last material cannot be ob* 
tained, of a solid crib-work alone. If the dam is to be made 
water-tight, sand and gravel in sufficient quantity may be thrown 
in against it in the upper pond. The points where the dam joins 
the banks, which are termed the rooU of the dam, require par* 
ticular attention to prevent the water from filtering around them. 
The ordinary precaution for this is to build the dam some dis- 
tance back into the banks. 

756. The safest means of communication between the ponds 
is by an ordinary lock. It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficiently high to prevent them from being overflowed 
bj the heaviest freshets. When the height to which the freshets 
nse is great, the leaves of the head gates should be formed of 
two parts, as a single leaf would, from its size, be too unwieldy \ 
the lower portion ^inff of a suitable height for the ordinary man- 
oeuvres of the lock ; the upper, being used only during the firesh- 
ets, are so arranged that their bottom cross pieces shall rest, 
when the gates are closed, against the top of tne lower portions. 
An arrangement somewhat similar to this may be made for tht 
tail gates, when the hits of the locks are great, to avoid the diffii- 
culty of manoeuvring very high gates, by permanently closing 
the upper part of the entrance to me lock at the tail gates, either 
by a wall built between the side walls, or by a permanent frame- 
work, below which a sufficient height is left for the boats to pass. 

757. A common, but unsafe method of passing from one pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and closed by means of a 

Ete revolving on a vertical axis, which is so arranged that it can 
manoBuvr^ with ease. One plan for this purpose is to divide 
the gate into two unequal parts by an axis, and to place a valve 
of such dimensions in the greater, that when opened the surface 
against which the water presses shaU be less than that of the 
smaller part. The play ol the gate is thus rendered very simple ; 
when the valve is snut, the pressure of water on the larger sur- 
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&ce closes it against the sides of the sluice ; when the yalre ii 
opened, the gate swings round and takes a position in the direc- 
tion of the current. Various other plans for flashing, on similar 
principles, are to be met with. 

758. When the obstruction in a river cannot be oyercome by 
any of the preceding means, as for example in those considerable 
descents in the bed known as rapids, where the water acquires 
a velocity so great that a boat can neither ascend nor descend 
with safety, resort must be had to a canal for the purpose of 
uniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
of the river. In some cases it may occupy a part of the bed by 
forming a dike in the bed parallel to the bank, and sufficiently fsur 
from it to give the requisite width to the canal. Whatever posi- 
tion the canal may occupy, every precaution should be taken to 
secure it from damage by freshets. 

759. A lock will usually be necessary at each extremity of the 
canal where it joins the river. The positions for the extreme locks 
should be carefully chosen, so that the boats can at all times en- 
ter them with ease and safety. The locks should be secured by 
guard gates and other suitable means from freshets ; and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their removal either by a chase of water, or by ma- 
chinery. 

If the river should not present a sufficient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depth requisite. 

It may be advisable in some cases, instead of placing the ex- 
treme locks at the outlets of the canal to the river, to form a ca- 
pacious basin at each extremity of the canal between the lock 
ind river, where the boats can lie in safety. The outlets from 
the basins to the rivers may either be left open at all times, or 
else guard gates may be placed at them to shut off the water 
during freshets. 
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SEACOAST IMPROVEMENTS. 

760. The following subdivisions may be made of the work* 
belonging to this class of improvements. 1st. Artificial Road- 
steads. 2d. The works required for natural and artificial Har- 
bors. 3d. The works for the protection of the seacoast against 
the action of the sea. 

761. Before adopting any definitive plan for the improvement 
of the seacoast at any point, the action of the tides, currents, and 
waves at that point must be ascertained. 

762. The theory of tides is well understood ; their rise and 
duration, caused by the attraction of the sun and moon, are also de- 
pendent on the strength and direction of the wind^^ and the confor- 
mation of the shore. Along our own seaboard, the highest tides 
Tary greatly between the most southern and northern parts. At 
Eastport, Me., the highest tides, when not affected by the wind, 
vary between twenty-five and thirty feet above the ordinary low 
water. At Boston they rise from eleven to twelve feet above 
the same point, under similar circumstances ; and from New- 
York, following the line of the seaboard to Florida, they seldom 
rise above five feet. 

763. Currents are principally caused by the tides, assisted, in 
some cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps along the coast, secondary 
currents proceed into the baysy or indentations, in a line more or 
less direct, until they strike some point of tlie shore, from which 
they are deflected, and frequently separate into several others, 
the main branch following the general direction which it had 
when it struck the shore, and the others not unfrequently taking 
an opposite direction, forming what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as whirlpools. The action of currents 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
thus forming, and sometimes removing, natural obstructions to 
navigation. These continual changes, caused by currents, make 
it extremely difiicult to foresee their effects, and to foretell the 
consequences which will arise from any change in the direction, 
or the intensity of a current, occasioned by artificial obstacles. 

764. A good theory of waves, which shall satisfactorily ex- 
jplain all their phenomena, is still a desideratum in science. It 
» known that tAey are produced by winds acting on the surface 
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of the sea ; but how tar this action extends below the sui&ce, 
and what are its effects at various depths, are questions that re- 
main to be answered. The most conunonly received theory is, 
that a wave is a simple oscillation of the water, in which each 
particle rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this theory that it 
fiBiils to explain many phenomena observed in connection with 
waves. 

In a recent French work on this subject, its author, Colonel 
Emy, an ensineer of high standing, combats the received theory ; 
and contends that the particles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, each particle de- 
scribing an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just oelow them, and these again 
to the next, and so on downward, the intensity decreasing mm 
the surface, without however becoming insensible at even very 
considerable depths ; and that, in this way, owing to the reaction 
from the botton\» an immense volume of water is propelled along 
the bottom itself, with a motion of translation so powerful as to 
overthrow obstacles of the greatest strength if durectly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a very great batir at the base, and that 
this batir should be gradually decreased upward, until, towards 
the top, the wall should project over, thus presenting a concave 
surface at top to throw tne water back. By adopting this form, 
he contends that the mass of water, which is rolled forward, as 
it were, on the bottom, when it strikes the face of the wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engineers, 
who have had opportunities to observe the same phenomena, on 
the ground that they are not supported by facts ; and the question 
still remains undecided. It is certain, from experiments made 
by the author quoted upon walls of the form here described, that 
they seem to answer fully their intended purpose. 

765. Roadsteads. The term roadstead is applied to an in- 
dentation of the coast, where vessels may ride securely at an- 
chor under all circumstances of weather. If the indentation is 
covered by natural projections of the land, or capes, from the 
action of the winds and waves, it is said to be land-locked ; in 
the contrary case, it is termed an open roadstead. 

The ancnorage of open roadsteads is often insecure, owing to 
violent winds setting into them from the sea, and occasioning 
high waves, which are very straining to the moorings. Th« 
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mnedy applied in this case is to place an obstruction, near th^ 
entrance of the roadstead, to break the force of the waves from 
the sea. These obstructions, termed breakwaters, are artificial 
islands of greater or less extent, and of variable form, according 
to the nature of the case, made by throwing heavy blocks of 
stone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modem times, 
was the one at Cherbourg in France, to cover the roadstead in 
front of that town. After some trials to break the effects of the 
waves on the roadstead by placing large conical shaped stnic* 
tures of timber filled with stones across it, which resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of lorming a breakwater by throw- 
ing in loose blocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action of the sea on the exposed surface is not very sensible 
at this locality at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some of which do not average over 40 lbs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one perpendicular 
to one base. From this point upwards, and particularly between 
the levels of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks 01 several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 
part of the surface has been exposed the blocks of stone have 
oeen gradually worn down by the action of the waves, and the 
slope has become less and less steep, from year to year, until 
finally the surface assumed a slightly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this work has conclusively shown 
that breakwaters, formed of the heaviest blocks of loose stone» 
are always liable to damage in heavy gales when the sea breaks 
over them, and that the only means of securing them is by cov- 
ering the exposed surface with a facing of heavy blocks of ham- 
mered stone carefully set in hydraulic cement. 

As the Cherbourg breakwater is intended also as a military 
construction, for the protection of the roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 175) has been adopt- 
ed for it. Profiting by the experience of many years' observatioUi 
it was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
lop aurface of the breakwater is covered with heavy loose biockf 
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of Stone, and the foot of the wall on the face is protected hj 
large blocks of artificial stone formed of baton. Tne top of thie 
battery is about 12 feet above the highest water level. 




Fig. 175~-Repreaente a Mctioii of the Cherbouig breakwater. 

A.inawof 8tone. 

B, biiltery of inaeoQiy. 

The next work of the kind was built to cover the roadstead of 
Plymouth in England. Its cross section was, at first, made with 
an interior slope of one and a half base to one perpendicular, and 
an exterior slope of only three base to one perpendicular ; but 
from the damage it sustained in the severe tempests in the 
winter of 1816-17, it is thought that its exterior slope was too 
abrupt. 

A work of the same kind is still in process of construction on 
our coast, oflF the mouth of the Delaware. The same cross sec- 
tion has been adopted for it as in the one at Cherbourg. 

All of these works were made in the same way, discharging 
the stone on the spot, from vessels, and allowing it to take its 
own bed, except for the facing, where, when practicable, the 
blocks were carefully laid, so as to present a uniform surface to 
the waves. The interior of the mass, in each case, has been 
formed of stone in small blocks, and the facing of very large 
blocks. It is thought, however, that it would be more prudent 
to form the whole of large blocks, because, were the exterior to 
suffer damage, and experience shows that the heaviest blocks yet 
used have at limes been displaced by the shock of tlie waves, the 
interior would slill present a great obstacle. 

From the foregoing details, respecting the cross sections of 
breakwaters, which from experiment have been found to answer, 
the proper form and dimensions of the cross section in similar 
cases may be arranged. As to the plan of such works, it must 
depend on the locality. The position of the breakwater should 
be chosen with regard to the direction of the heaviest swells from 
the sea, into the roadstead, — the action of the current, and that 
of the waves. The part of the roadstead which it covers should 
afford a proper depth of water, and secure anchorage for vessels 
of the largest class, during the most severe storms ; and vessels 
should be able to double the breakwater under all circumstancea 
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of wind and tide. Such a position should, moreoyer, be chosen 
that there will be no liability to obstructions being formed within 
the roadstead, or at any of its outlets, from the change in the 
current which may be made by the breakwater. 

766. The difficulty of obtaining very heavy blocks of stone, 
as well as their great cost, has led to the suggestion of substitu- 
ting for them blocks of artificial stone, formed of concrete, which 
can be made of any shape and size desirable. This plan has 
been tried with success in several instances, particularly in a 
jetty or mole, at Algiers, constructed by the French government. 
The beton for a portion of this work was placed in large boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irre^larities of the bottom on which the beton was to be 
spread. The bottom of the box was made of strong canvass tar- 
red. These boxes were first sunk in the position for which they 
were constructed, and then filled with the beton. 

767. Harbors, Tlie term harbor is applied to a secure an- 
chorage of a more limited capacity than a roadstead, and there- 
fore offering a safer refuge during boisterous weather. Harbors 
are either natural^ or artificial. 

768. An artificial harbor is usually formed by enclosing a 
space on the coast between two arms, or dikes of stone, or of 
wood, termed ^'eta'65, which project into the sea from the shore, 
in such a way as to cover the harbor from the action of the wind 
and waves. 

769. The plan of each jetty is curved, and the space enclosed 
by the two will depend on the number of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or heads, of the jetties, which forms the 
mouth of the harbor, will also depend on local circumstances ; 
it should seldom be less than one hundred yards, and generally 
need not be more than five hundred. There are certain winds 
at every point of a coast which are more unfavorable than others 
to vessels entering and quitting the harbor, and to the tranquil- 
lity of its water. One of the jetties should, on this account, be 
longer than the other, and be so placed that it will both break 
the force of the heaviest swells from the sea into the mouth of 
the harbor, and facilitate the ingress and egress of vessels, by 
preventing them from being driven by the winds on the other 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and construction of a stone jetty differ 
in nothing from those of a breakwater, except that the jetty is 
usually wider on top, thirty feet being allowed, as it serves foi 
a wharf in unloading vessels. The head of tlie jetty is usually 
made circular, and considerably broader than the other parts, as 
ity in some instances, receives a lighthouse, and a battery of can* 
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non. It should be made with great care, of large blocks of stone 
well united by iron, or copper cramps, and the exterior courses 
should moreover be protected bv fender beams of heavy timber, 
to receive the shock of floatinff bodies. 

771. Wooden jetties are tormed of an open frame work of 
heavy timber, the sides of which are covered on the interior by 
a strong sheeting ot thick plank. Each rib of the frame 
(Fig. 176) consists of two inchned pieces, which form the sides. 
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Fig. 179— Repraeate a cron lectioa of a woodeo Jetty. 

a, foimdaiioQ pilei. 

b, inclined aide pieces. 
e. middle upright. 

a, crooB pieces Tx>lted in pain, 
e, struts. 

m, tongitodinal pieces boiled in pain. 
0, parapet. 

-*-of an upright centre piece, — and of horizontal clampinff pieces, 
which are notched and bolted in pairs on the inclined and uprij^t 
pieces ; the inclined pieces are farther strengthened by struts, 
which abut against them and the upright. The ribs are con- 
nected by large string-pieces, laid horizontally, which are notched 
and bolted on the inclined pieces, the uprights, and the clamping 
pieces, at their points of junction. The foundation, on wnich 
this framework rests, consists usually of three rows of large 
piles driven under the jfoot of tlie inclined pieces and the uprichts. 
The rows of piles are firmly connected by cross and longitudinal 
beams notched and bolted on them ; and they are, moreover, 
firmly united to the framework in a similar manner. The inte- 
rior sheeting does not, in all cases, extend the entire leQgth of 
the sides, but open spaces, termed dear-ways^ are often left, to 
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S>e a firee passage and spread to the waves confined between 
e jetties, for the purpose of forming smooth water in the chan 
nel. If the jetties are covered at their back with earth, the cleai 
ways receive the form of inclined planes. 

The foundation of the jetties requires particular care, espe- 
cially when the channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ; and, if it be deemed necessary, the bottom of 
the entire channel may be protected by an apron of brush and 
loose stone. 

The top of the jetties is covered with a flooring of thick plank, 
which serves as a wharf. A strong hand railing should be 

5 laced on each side of the flooring as a protection against acci- 
ents. The sides of jetties have been variously inclined ; the 
more usual inclination varies between three and four perpendicu- 
lar to one base. 

772. Jetties are sometimes built out to form a passace to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the chan- 
nel from deposites. But at the head of the jetties a bar will, in 
almost every case, be found to accumulate, from the current 
alonff shore, which is broken by the jetties, and from the dimin- 
ished velocity of the ebbing tides at this point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adverted to for river improvements. The 
reservoirs are formed by excavating a large basin in-shore, at 
some suitable point from which the collected water can be di- 
rected, with its full force, on the bar. The basin will be filled 
at flood-tide, and when the ebb commences the sluice gates will 
be kept closed until dead low water, when they should all be 
openea at once to give a strong water chase. 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, larse basins, termed foet- 
docksj are formed, in which the water can be kept at a constant 
level. A wet-dock may be made either by an in-shore excavation, 
or by enclosing a part of the harbor with strong water-tight walls ; 
the first is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. With the first method vessels Can enter 
the basin only at high tide ; by the last they may be entered or 
passed out at any period of the tide. The outlet of the lock 
should be provided with a pair of guard gates, to be shut againtl 
very high tides, or in cases of danger from storms. 
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774. The construction of tlie locks for basins differs in nothiD^ 
in principle, from that pursued in canal locks. The sreatest 
care will necessarily be taken to form a strong mass free m>m aU 
danger of accidents. The gates of a basin-lock are made convex 
towards the head of water, to give them more strength to resist 
the great pressure upon them. They are hung and manoeuvred 
differently from ordinary lock gates ; the quoin-post is attached 
to the side walls in tiie usual way : but at tiie foot of the mitre- 
post an iron or brass roller is attached, which runs on an iron 
roller way, and thus supports that end of the leaf, relieving the 
collar of the quoin-posi from the strain that would be otherwise 
thrown on it, besides giving the leaf an easy play. Chains are 
attached to each mitre-post near the centre of pressure of the 
water, and the gate is opened, or closed, by means of windlasses 
to which the other ends of the chains are fastened. 

775. The quays of wet-docks are usually built of masonry. 
Both brick and stone have been used ; the facing at least should 
be of dressed stone. Large fender-beams may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cioss section of quay-walls 
should be fLxed on the same principles as that of other sustaining 
walls. It might be prudent to add buttresses to the back of the 
wall to strengthen it against the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by form- 
ing a facing of heavy round or square piles driven in juxtaposition, 
which are connected by horizontal pieces, and secured from the 
pressure of the earth filled in behind them by land-ties ; or, by 
placing the pieces horizontally upon each other, and securing 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or rubbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our Eastern 
seaports. It consists in making a kind of crib-work of larse 
blocks of granite, and filling in with earth and stone rubbi£. 
The bottom course of the crib may be laid on the bed of the 
river, if it is firm and horizontal ; in the contrary case a strong 
grillage, termed a cradle^ must be made, and be sunk to receive 
Uie stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of the bed, in 
order that when the stones are laid they may settle horizontally. 

777. Dikes. To protect the lowlands bordering the ocean from 
inundatiohs, dikes, constructed of ordinary earth, and faced to- 
waids the sea vrith some material which will resist the action of 
the current, are usually resorted to, * 

The Dutch dikes, by means of which a large extent of country 
has been reclaimed and protected from the sea, are the most ie» 
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markable structures of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at top averaging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varying, according 
to circumstances, between three and twelve base to one perpendic- 
ular. The top of the dike, for perfect safety, shoula be about 
six feet above the level of the highest spring tides, although, in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is left, which answers for a road. The exterior slope is va- 
riously faced, according to the means at hand, and the character 
of the current and waves at the point. In some cases, a strong 
straw thatch is put on, and firmly secured by pickets, or other 
means ; in others, a layer of fascines is spread over the thatch, 
and is strongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them with twigs ; 
the spaces between this wicker-work being filled with broken 
stone ; this forms a very durable and strong facing, which resists 
not only the action of the current, but, by its elasticity, the shocks 
of the heaviest waves. 

The foot of the exterior slope requires peculiar care for its 
protection ; the shore, for this purpose, is in some places cover-* 
ed with a thick apron of brush and gravel in alternate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section has been given to the dikes towards the sea, of the same 
form as the one which the shore naturally takes from the action of 
the waves. The dikes in other respects are constructed and faced 
after the manner which has been so long in practice in Holland. 

778. Groins, Constructions, termed groins^ are used when- 
ever it becomes necessary to check the effect of the current 
along the shore, and cause deposites to be formed. These are 
artificial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendicular 
to that of the shore, or oblique to it. They are constructed ei- 
ther of clay, which is well rammed and protected on the surface 
by a facing of fascines or stones ; or of layers of fascines ; or of 
one or two rows of short piles driven in juxtaposition ; or any 
other means that the locality may furnish may be resorted to ;. 
the object being to interpose an obstacle, which, breaking the 
force of the current, will occasion a deposite near it, and thus 
gradually cause the shore to gain upon the sea. 
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779. Sea-walls. When the sea encroaches upon the had 
fonning a steep bluff, the face of which is gradually wom away, 
a wall of masoniy is the only means that -mil affcnra a pennanent 
protecdon against this action of the waves. Walls msule for this 
object are termed sea-walls. The face of a sea-wall should . be 
constructed of the most durable stone in large blocks. The 
backing may be of rubble or of be ton. The whole work should 
be laid with hydraulic mortar. 
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Note A to Arts. Framing and Bridges. 

Tubular Frama of Wrought Iron. — Except for the obvious application to 
■team boilers, sheet iron had not been considered as saitable for structures 
demanding great strength, from its apparent deficiency in rigidity; and 
although the principle of gaining strength by a proper distribution of the 
material, and of giving any desirable rigidity by combinations adapted to the 
object in view, were at every moment acted upon, from the ever-increasing 
demands of the art, engineers seem not to have looked upon sheet iron as 
suited to such purposes, until an extraordinary case occurred which seemed 
about to baffle all the means hitherto employed. The occasion arose when it 
became a question to throw a bridge of rigid material, for a railroad, across 
the Menai Straits; suspension systems, from their flexibility, and some actual 
fdlure^ being, in the opinion of the ablest European engineers, unsuitable for 
this kind of communication. • 

Robert Stephenson, who for some years back has held the highest rank 
among English engineers, appears, from undisputed testimony, to have been 
the first to entertain the novel and bold idea of spanning the Strait by a tube 
of sheet iron, supported on piers, of sufficient dimensions for the passage 
within it of the usual trains of railroads. The prelimmary experiments for 
testing the practicability of this conception, and the working out the details of 
its execution, were left chiefly in the hands of Mr. William Fairbaim, to whom 
the profession owes many valuable papers and facts on professional topics. 
This gentleman, who, to a thorough acquaintance with the mode of conducting 
such experiments, united great zeal and judgment, carried through the task 
committed to him ; proceeding step by step, until conviction so firm took the 
place of apprehension, that he rejected all suggestions for the use of any 
auxiliary means, and urged, from his crowning experiment, reliance upon the 
tube alone as equal to the end to be attained. 

Numerous experiments were made by him upon tubes of eiroular, elliptical, 
and ftetaagnlar eroas se^n. The object chiefly kept in view in these 
•iperiments was, to detennine the form of eroas section which, when the tube 
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was submitted to a cross strain, would present an equality of resistance in the 
parts brought into compression and extension. It was shown, at an early 
stage of the operations, that the circular and elliptical forms were too weak in 
the parts submitted to compression, but that tlie elliptical was the stronger <^ 
the two ; and that, whatever form might be adopted, extraordinary means would 
be requisite to prevent the parts submitted to compression from yielding^, by 
** puckering " and doubling];. To meet this last difficulty, the fortunate expedient 
was hit upon of making the part of the main tube, upon which the strain of 
compression was brought, of a series of smaller tubes, or cells of a curved or 
a rectangular cross section. The latter form of section was adopted definitively 
for the main tube, as hnving yielded the most satisfactory results as to reaiat- 
ance; and also for the smaller tubes, or celU, as most easy of construction and 
repair. 

As a detiiil of each of these experiments would occupy more space than can 
be given in tliis work, tiiat alone of the tube which gave results that led to the 
forms and dimensions adopted for the tubular bridges subsequently constructed, 
will be given in this place. 

Model Tu/>6.— The total length of the tube was 78 ft-. The distance, or 
bearing between the points of support, on which it was placed to test ita 
strength, was 75 ft. Total depth of the tube at the middle, 4 ft 6i in. Depth 
at each extremity, 4 ft. Breadth, 3 fL 8 in. 

The top of the tube was composed of a top and bottom plate, formed of 
pieces of sheet iron, abutting end to end, and connected by narrow strips 
riveted to them over the joints. These plates were 2 ft. IH in. wide. They 
were 6^- in. apart, and connected by two vertical side plates, and five interior 
division plates, with which they were strongly joined by angle irons, riveted 
to the division plates, and to the top and bottom plates where they joined. 
Each cell, between two division plates and the top and bottom plates, was 
nearly 6 in. wide^ The sides of the tube were made of plates of sheet iron 
similarly connected ; their depth was 3 ft. 6f in. A strip of angle iron, bent 
lO a curved shape, and running from the bottom of each end of the tube to the 
top just below the cellular part, was riveted to each side to give it stifibess. 
Besides thin, precautions were finally taken to stiffen the tube by diagonal 
braces within it The bottom of the tube was formed of sheets, abutting end 
to end, and secured to each other like the top plates ; a continuous joint, 
running the entire length of the tube along the centre line of the bottom, waa 
secured by a continuous strip of iron on the under side, riveted to the [dates 
on each side of the joint The entire width of the bottom was 2 ft 11 in. 

The sheet iron composing the top cellular portion was 0*147 in. thick ; that 
of the sides 0*099 in. thick. The bottom of the tube at the final experiments, 
to a distance of 20 ft on each side of the centre, waa composed of two thick- 
nesses of sheet iron, each 0*25 in. thick, the joints being secured by stripa 
above and below them riveted to the sheets ; the remainder, to the end of the 
tube, was formed of sheets 0*156 in. thick. 

The total area of sheets composing the top cellular portion waa 24*024 in. ; 
that of the bottom plates at the centre portion, 22*450 in. 
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The general dimensions of the tabb were one sixtli those of the proposed 
structare. lU weight at the final experiment, 13,020 lbs. 

The experiments, as already stated, were conducted with a view to obtain 
an equality between the resistances of the parts strained by compression and 
those extended ; with this object, at the end of each experiment, the parts 
torn asunder at the bottom were replaced by additional pieces of increased 
strength. 

The following table exhibits the results of the final experiments. 



». offizperimenU. 


V^elght in lbs. Deflection in inches. 


1 


20,006 


0-66 


2 


35,776 


0-78 


3 


48,978 


112 


4 


62,274 


1-48 


6 


77,634 


1-78 


6 


92,299 


212 


7 


103,360 


2-38 


8 


114,660 


2-70 


9 


132,209 


306 


10 


138,060 


3-23 


11 


143,742 


3-40 


12 


148,443 


3*68 


13 


163,027 


3-70 


14 


167,728 


3-78 


16 


161,886 


3-88 


16 


164,741 


3-98 


17 


167,614 


4-10 


18 


171,144 


4-23 


19 


173,912 


4-33 


20 


177,088 


1-47 


21 


180,017 


4*56 


22 


183,779 


4-62 


23 


186,477 


4-72 


24 . . 


189,170 


4-81 


26 


192,892 





The tube broke with the weight in the 26th experiment; the cellaUr top 
yielding by packering at about 2 ft from the point where the weight was 
applied. The bottom and sides remained uninjured. 

The ultimate deflection was 4*89 in. 



Britannia Tubular Bridge, — ^Nothing farther than a succinct description of 
this marvel of engineering will be attempted here, and only with a view of 
showing the arrangement of the parts for the attainment of the proposed end.. 
It differs in its general structure from the model tube, chiefly in having the 
bottom formed like the top, of rectangular eeUa, and in the mean» taken fot 
giving stiffiMSB to the sides. 
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The total distance spanned by the bridge is 1489 ft This is divided into 
four bays, the two in the centre being each 460 ft, and the one at each end 
230 ft each. 

The tube is 1624 ft long. Its bearing on the centre pier is 45 ft ; that on 
the two intermediate 32 ft ; and that on each abutment 17 ft 6 in. The 
height of the tube at the centre pier is 30 ft ; at the intermediate piers 27 ft ; 
ahd at the ends 23 ft This gires lo the top of the tube the shape of a 
parabolic curve. 




Fi^. ]— RcprpHenta a rerticol croas section of the Britannia fihdge. 
At interior of hridi^e. 
V, cells of top cellulnr l)«nm. 
L\ c«lla of iKitiuni cellular bpam. 
a, top plates of top nnd btittom beams. 
bf bottom plates of top and bottom beams, 
r, division plates of top and IxiCtora Iteams. 
d and e, strips riveted over the joints of top and bottom platas. 
o, angle irons riTeted to a, A, and c. 
gf plates of sides of the tube A. 
hy exterior T irons riveted over vertical joints of ^. 

«, interior T irons riveted over vertical joints of g, and bent at the angles of A^ i 
bejond the second cell of the top beam, and beyond the first of the bottom beam 
m, tnangular pieces on each side of >, and riveted to thMB 
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The cellular top (Fig. 1) is divided into eight cells B^ by division plates c, 
connected with the top a, and bottom b,hy angle irons o, riveted to the plates 
connected. The different sheets composing the plates a and h abut end to 
end lengthwise the tube ; and the joints are secured by the strips d and t, 
riveted to the sheets by rivets that pass through the interior angle 
irons. 

The sheets of which this portion is composed are each 6 ft long, and 
1 ft. 9 in. wide ; those at the centre of the tube are jiths of an inch thick ; 
they decrease in thickness towards the piers, where they are JJths of an inch 
thick. The division plates are of the same thickness at the centre, and 
decrease in the same manner towards the piers. The rivets are 1 in. thick, 
and are placed 3 in. apart from centre to centre. # The cells are 1 ft. 9 in. by 
I ft. 9 in., so OS to admit a man for painting and repairs. 

The cellular bottom is divided into six cells C, each of which is 2 ft. 4 in. 
wide by 1 ft. 9 in. in height To diminish, as far as practicable, the number 
of joints, the sheets for the sides of the cells were made 12 ft long. To gi\'« 
bufficient strength to resist the great tensile strain, the top and bottom plates 
of this part are composed of two thicknesses of sheet iron, the one layer 
breaking joint with the other. The joints over the division plates are secured 
by angle irons o, in the same manner as in the cellular top. The joints 
between the sheets are secured by sheets 2 ft 8 in. long placed over them, 
which :ire fastened by rivets that pass through the triple thickness of sheets 
at these points. The rivets, for attaining greater strength at these points, are 
in lines lengthwise of the cell. The sheets forming the top and bottom plates 
of the cells are '^ths of an inch at the centre of the tube, and decrease to Jjila 
at the ends. The division plates are I'ths in the middle, and I'eths at the ends 
of the tube. The rivets of the top and bottom plates are 1, in. in diameter. 




Pig S— Ropresenli a horicontal oom leetloa of the T ifom and tide plates. 

/>, crou section near centre of bridge. 

£, crou section near the pieiv. 

f. plates of the iidee. 

A, exterior T Irons. 

t. interior T irons. 

The skies of the tube (Fig. 2) between the cellular top and bottom are 
formed of sheets ^, 2 ft wide ; the lengths of which are so arranged that 
there are alternately three and four plates in each pannel, the sheets of each 
pannel abutting end to end, and forming a continuous yertioal joint between 
the adjacent pannels. These vertbal joints are secured by strips of iron, 
k and «, of the T cross section, placed oyer each side of the joint, and 
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clamping the sheets of the adjacent pannels between them. The T irons 
within and without are firmly riveted together with 1 in. rivets, placed at 
3 in. between their centres. Over the joints, between the ends of the sheets 
in each pannel, pieces of sheet iron are pbiced on each side, and connected by 
rivets. The sheets of the pannels at the centre of the tube are ^ths of an 
inch thick; they increase to iSths to within about 10 ft. of 'the piers, where 
their thickness is again increased ; and the X irons are here also increased in 
thickness, befng composed of a strip of thick sheet iron, clamped between 
stripe of angle iron which extend from the top to the bottom of the joints. 
The objeet of this increase of thickness, in the pannels and T irons at the 
piers, is to give suflScient rigidity and strength to resist the crushing strain at 
these points. 

The X irons on the interior are bent at top and bottom, and extended as 
far as the third cell from the sides at top, and to the second at bottom. The 
projecting rib of each in the angles is clamped between two pieces, n, of sheet 
iron, to which it is secured by rivets, to give greater stiffiiess at the angles of 
the tube. 

The arrangement of the ordinary X irons and sheets of the pannels is 
shown in cross section by D, Fig. 2 ; and that of the like parts near the piers 
by Ej same Fig. 

For the purpose of giving greater stiffness to the bottom, and to secure 
fastenings for the wooden cross sleepers that support the longitudinal beams 
on which the rails lie, cross plates of sheet iron, half an inch thick, and 10 in. 
in depth, are laid on the bottom of the tube, from side to side, at every fourth 
rib of the X iron, or 6 ft apart These cross plates are seeured to the bottom 
by angle iron, and are riveted also to the X iron. 

The tube is firmly fixed to the central pier, but at the intermediate piers and 
the abutments it rests upon saddles supported on rollers and balls, to allow 
of the play from contraction and expansion by changes of temperature. 

The following tabular statements give the details of the dunensions, weights, 
&c., of the Britannia Bridge. 



Feet 



p»»to.lSSf 



Total length of eaehtnbe 1584 

of tabes for each line ! 3048 

; 460 



Greatest span of bav 

Height of tabes at the middle. 



Intermediate piers 37 

" " ends , S3 

Extreme width of tabes i 14j 

Namber of rivets in one tube ' 888,000 

Oompotad weight of tabe 974 (i. long I .... 

*' " 3 tabes 374 ft: lonir | .... 

** ** I tabe 473 ft long i .... 

•« " 3 tabes 473 n. Ions I .... 

** " 1 tabe over pier 33ri long: .... 



Total weight.. 



450 
1350 
9fl5 
3t<0S 
64 
64 



109 
337 
188 
564 

96 
36 



T 
Iron. 



70 
SIO 
130 
417 
10 
10 
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Rivet 
iron. 



180 
106 
394 

7 

7 



Ctat 
iron 



Tot&U 



9000 
90OO 



9067 
1400 
4«0 I 

107 I 

lorr 
8000 j 

10,570 i 
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Formula for reducing the Breaking Weight of Wrought Iron Tubes, 

Representing by A, the total area in inches of the cross section of the metal. 
^ ** df ihe total depth in inches of the tube. 

*^ *< 2, the length in inches between the points of support 

** ** C, a constant to be determined by experiment 

" ** W, the breaking weight in tons. 

Then the relations between these elements, in tubes of cylindrical, elliptical, 
and rectangular cross section, will be expressed by 

The mean value for C for cylindrical tubes, deduced from several experi- 
ments, was found to be 13*03; that for elliptical tubes, 15'3; and that for 
rectangular tubes, 21*6. 
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Note B to Art Roads. 

Plank'Roads, — A road covering, condstiDg of thick boards, or planka, 
restiDg CD longitudinal beaniB, or sleepers, and known as Plank-Roads^ has, 
within the past few years, been introduced among us; and from its adaptation 
to our uncleared forest districts, its superior economy to the ordinary road 
coverings in such localities, and its intrinsic merits, as fulfilling the requisite* 
of a good road covering, is rapidly coming into extensive use throughout all 
parts of our country. 

jFlf A 

^ L m \ i i i i Ti II tfllL''illilili^n B^ f 



I^^y£ 



] \ a ] [ 



Flf. jtf— Repraaenta a cr<Mi-a«ctioiu 

ng. S— A plan of a plaak road. 

a 0, board surface. 

b b, silU. 

c, rammer road. 

d d, side surface drains. 



The method most generally adopted in constructing plank-roads consists in 
laying a flooring, or track, eight feet wide, composed of boards from nine to 
twelve inches in width, and three inches in thickness, which rest upon two 
parallel rows of sleepers, or sills, laid lengthwise of the road, and having their 
centre lines about four feet apart, or two feet from the axis of the road. Sills 
of various sized scantling have been used, but experience seems in favor of 
scantling about twelve inches in width, four inches in thickness, and in lengths 
of not less than fifteen to twenty feet. Sills of these dimensions, laid flatwise, 
and firmly embedded, present a firm and uniform bearing to the boards, and 
^stribute the pressure they receive over so great a surface, that, if the soil 
upon which they rest is compact and kept well drained, there can be but little 
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•settling and diflplafiement of the road sur£use, from the UBual loads passing 
over it The better to secure this aniform distribution of the pressure, the 
sills of one row are so laid as to break joints with the other ; and to 
prevent the ends of the slUs from yielding the usual precaution is taken to 
place short sills at the joints, either beneath the main sills, or on the same 
level with them. 

The boards are laid perpendicular to the axis of the road* experience having 
shown that this position is as favorable to their wear and tear as any other, 
and is otherwise the most economical. Their ends are not in an unbroken 
line, but so arranged that the ends of every three or four project alternately, 
on each side of the axis of the road, three or four inches beyond those next to 
them, for the purpose of presenting a short shoulder to the wheels of 
vehicles, to facilitate their coming upon the plank surface, when from any 
cause they may have turned aside. On some roads the boards have been 
spiked to the sills; but this is, at present^ regarded as unnecessary, the 
stability of the boards being best secured by well packing the earth between 
and around the sills, so as to present, with them, a uniform bearing surface to 
the boards, and by adopting the usual precautions for keeping the subsoil well 
drained, and preventing any accumulation of rain water on the surface. 

The boards for plank-roads should be selected from timber free from the 
usual defects, such as knots, shakes, &c., which would render it unsuitable 
for ordinary building purposes ; as durability is an essential element in the 
economy of this class of structures. So far as experience has furnished data, 
boards of three inches in thickness offer all the requisites of strength and 
durability that can be obtained from timber in its ordinary state, in which it is 
used for plank-roads. 

Besides the wooden track of eight feet, an earthen track of twelve feet in 
width is made, which serves as a summer road for light vehicles, and as a turn 
out for loaded ones; this, with the wooden track, gives a clear road surface of 
twenty feet, the least that can be well allowed for a frequented road. It is 
recommended to lay the wooden track on the right hand side of the approach 
of a road to a town, or village, for the proper convenience of the rural traffic* 
as the heavy trade is to the town. The surface of this track receives a cross 
slope from the side towards the axis of the road outwards of 1 in 32. The 
sui^e of the summer road receives a cross slope in the opposite direction of 
1 in 16. These slopes are given for the purpose of facilitating a rapid surface 
dramage. The side drains are placed for this purpose parallel to the axis of 
the road, and connected with the road surface in a suitable slope. 

Where, from the character of the soil, good summer roads cannot be had, 
it will be necessary to make wooden turn outs, from space to space, to 
prevent the inconvenience and delay of miry roads. This it is proposed to 
do by laying, at these points, a wooden track of double width, to enable 
vehicles meeting to pass each other. It is recommended to lay these turn 
outs on four or five sills, to spring the boards slightly at the centre, and spike 
their ends to the exterior sills. 

The angle of repose, by which the grade of plank-roads should be regu- 
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lated, has not yet been determined by experiment; but as the wooden sorfree * 
18 coyered with a layer of clean sand, fine gravel, or tan bark, before it is 
thrown open to vehicIeB, and as it in time becomes covered with a permanent 
stratum of dust, &c., it is probable that this angle will not materially differ 
from that on a road with a broken stone burface, like the one of McAdam, Or 
of Telford, when kept in a thorough state of repair. 

In some of the earlier plank-roads made in Canada, a width of sixteen feet 
was given to the wooden track, the boards of which were laid upon four or 
five rows of sills ; experience soon demonstrated that thb was by no means 
an economical plan, as it was found ^at vehicles kept the centre of the wooden 
surface, which was soon worn into a beaten track, whilst the remainder was 
but slightly impaired. This led to the abandonment of the wide track for the 
one now usually adopted, which answere all the ends of the wants of travel, and 
is much more economical, both in the first outlay and for subsequent renewals. 

The great advantages of plank-roads over every other kind, in a deneelj 
wooded country, for the rural traffic, are so obvious, that, did not experience 
teach us by what mere accidents, apparently, improvements of the most 
important kind have been suggested and carried into effect, it might be a 
subject of astonishment that they had not been among tbe fint to be intro- 
duced, after a trial of the old corduroy road, so generally resorted to in the 
early stages of road-making in this country. 
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Nate C to ArU. 441 and 443. 



Methods of describing Curves composed of Arcs cf CtucZes.— The span and 
rise of an arch being given, together with the directions of the tangents to the 
eurve at the springing lines and crown, an infinite number of curves, composed 
of arc8ofcucles,can be determined, which shall satisfy the conditions of form- 
ing a continuons carve, or one in which the arcs shall be consecutively 
tangent to each other, and such that those at the springing lines and the 
erown shall be tangent to the assumed directions of the tangents to the curve 
at those points. To give a determinate character to the problem, in each 
particular case, certain other conditions must be imposed, upon which the 
solution will depend 

When the tangents to the curve at the springing lines and crown are 
respectively perpendicular to the span and rise, the curve satisfying the above 
general conditions will belong to the class of oval or basket-handle carves ; 
when the tangents at the springing lines are perpendicular to the span, and 
those at the crown are oblique to the rise, the curves will belong to the class 
of pointed or obtuse curves. 

In the class of ovals, when the rise is not less than one third of the span, 
the oval of three centres will generally give a curve of a more pleasing form 
to the eye than one of a greater number of centres ; when the rise is less than 
a third of the span, a curve of five, seven, or a greater odd number of centres 
will give, under this point of view, a more satisfactory solution. In the 
pointed and obtuse curves the number of centres is even, and is usually 
restricted to four. 

Three Centre Curves. To obtain a determinate solution in this case it will 
be necessary to impose one more condition, which shall be compatible with 
the two general ones of having the directions of the tangents at the springing 
lines and crown fixed. One of the most simple, and at the same time 
admitting of a greater variety of curves to choose from, is to assume the radius 
of the curve at the springing lines. In order that this condition shall be com* 
patible with the other two, the length assumed for this must lie between zero 
and the rise of the arch ; for were it zero there would be but one centre, and 
if taken equal to the rise the radius of the curve at the crown would be 
infinite. 

Let A D (fig. A) be the half span, and A C the rise. Having prolonged C A 
indefinitely, take any distance less than A C, and set it ofiTfrom D to R, along 
AD; and from C to P, along A C. Join R and P, which distance bisect by a 
perpendicular. Prolong the perpendicular, to intersect the indefinite prolong- 
ation of C A. Through this point of intersection 8, and the point i2, draw an 
mdefinite line. From Jf{, as a centre, with the radius R D, describe *an arc, 
which prolong to Q to intersect 8 R prolonged. From iS, as a centre, with the 
radius 8 Q, describe an arc, which, from the construction, must pass through 
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the point C, and be tangent to the firat are at Q. The centres R and S; thus 
determined^ and the cnrvfr DDC deduced from them, will eatiflfy the imposed 
conditions. 




Fig. A. 

The two following constructions, from their simplicity and the agreeable 
form of carve which they produce, are in frequent use. The first consists in 
imposing the condition that each of the three arcs shall be of 60^; the second, 

R 

that the ratio — between the radii of the arcs at the crown and springing line 

shftll be a minimum. 

To construct the curve satisfying the former condition, let A B be the 
half Rpan, and A C the rise. With the radius A B describe A a of 90^ — set 
off on it B b=^ 60®, — draw the lines a b^ b B and A 6, — ^from C draw a 
parallel to a b, and mark its intersection c with b 0, — from c draw a parallel to 
A by and mark its intersections N and O with A B, and C A prolonged. From 
N with the radius N B describe the arc B c, — from O with the radius O c 
describe the arc C c. The curve Be C will be the half of the one satisfying' 
the given conditions ; and N and O two of the centres. 

To construct the curve satisfjring the second condition, or d ( — I = o. Let 

TT 
A D be the half span, — A C the rise. Draw D C, and from C set off on it 
C dsi Co, equal to the difference between the half span and rise. Bisect 
the distance D dhy a, perpendicular, which prolong to intersect D A, and 
C A prolonged, at R and iS, — ^from these points, as centres, with the radii 
R D&ndS <2, describe the arcs 2) Q and Q C; and the curve D Q C will 
be the half of the one required. 

The analysis, from which the above result is obtained, is of a very simple 
charaoter ; for designating hj Rs^ S C the greater radios, bjrssRD tha 
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terser,— bj a = iiD the half apjin, axtHhy bss: JkC th» rise, then reanlto, 
from the right angled triangle SAR^ 

&R« = JlS* + AR\ 

or 

from which is obtafaied 

R a« + 5» — 2ar 



r (26 — 2r)r 

Differentiating this expression, and placing 



its first differential co- 



efficient equal to zero, or making 
are reduced, 



(f) 



dr 



: 0, there results, after the terms 



fl* + y — (a — 6) ^a» + 6' ^a* + //' ,</«' + 6' — (a — bY , 
r = — 2^ = X"- ^ 2 )' ^°* 

\/a' -f 6* = DC, and v'a" + 6* — (a — 6) = DJ, hence the given construc- 
tion for the centres required. 

By comparing the two methods just explained, for the same span and rise, 
it will be seen that the former gives a curve in which the lengths of the ares 
differ less than in the latter, and which is therefore more agreeable to the 
eye. 

Obtuse and Painted Curves of Four 
Centres,^ Let A B he the half 
span, — A C the rise of the required 
curve, — and C D the direction of the 
tangent to it at the crown. At C 
draw a perpendicular to C 2>. Take 
any point R on A B^ such that R B 
shall be less than the perpendicular 
jK by from jR upon the tangent C D. 
From Q on the perpendicular to 
C D, set off C d, equal to the 
assumed distance R JB, — draw R rf, 
and bisect it by a perpendicular, — 
which prolong to intersect the one 
from C at the point S, — through jS 
and R draw a line, — from R^ with the 
radius R jB, describe an arc, which 
prolong to Q, to intersect the line 
through 8 and U,— from 8 with the 
lUgjl, radius iS Q, describe an arc, which 

wffl be tangent to the first at Q, and pass through C. The curve B QC 
will be the half of the one requu-ed to aatiafy the given conditions. 
The analogy between this construction and the one ^rat given for three 
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centre enrree will be reidfly teen by comtMiing the eonstnietioiie for tiie tiro 
Five Centre Oval Ourvef, 4^ When the rise is lees than one third of the 
span, it is found that oval caires of a pleasing shape eannot be obtained by 
using only three centres, and five, or a greater odd nomber of centres must be 
resorted to. Besides the two general conditions common to all ovals, a 
greater number of particular ones must be imposed, as the number of centres 
is increased, restricting them within the limits of compatibility with each other 
and with the two common to all. By imposing, for example, on the oval of 
five centres, the conditions that the radii of the two consecutive arcs from the 
springing line shall be assumed as the particular conditions, a very simple 
construction, analogous to the one for ovals of three centres, will show the 
limits within which these must be restricted, not to interfere with the others 
that are common to all. Without stopping to illustrate this by an example, 
which wUl present no diflSculty to any one tolerably conversant with the 
elements of geometry to make out alone, a more general method will be given, 
applicable alike to all curves of this class. 

The half span and rise being given, let it 
be required to determine an oval of five 
centres with the particular condiUons, that 
the radii of the consecutive arcs, from the 
springing line towards the crown, shall be 
in an increasing geometrical progression, — 
in which case the curvatures of the arcs 
will be in a decreasing geometrical pro- 
gression—and the lengths of the consecutive 
arcs shall increase in a given ratio. Desig- 
nate the half span AB by p (Fig. C), the 
rise by q, — the ratio of the radii by tn, — 
the ratio of the arcs by n, and the number 
of degrees in the arc at the springing line 
by a. Suppose the centres O, P and Q 
found, and draw PS perpendicular to AB^ 
— and PR perpendicular to BC produced. 
The radu OAy PE and QZ) will be re- 
presented respectively by r, mi, and rw?^ — 
and the angles AOE, EPD, and DQC^ 
between them by 

n , «• 
a, a—, and a—; — 

now, from the properties of the figure, the 
following equations are obtained 




FI|.C. 



n , 7r 
wi wi* 



(A) 



AB^f^r+OS+PR . ..(B) 
BC = 9 = nii"— (PS+QJ2), . . (Q 
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From the right angle Jtriangle OPS, and PQJR, there results, 
08 = OP COS. a = (rm — r) cos. a ; 
PS = OP sin. a = (rm — r) sin. a ; 

PR = PQ COS. (a-{-a— -{■ (rm* — rm) cos. (a + «— ) ; 
fn fit 

QK = PQ sin. ^a + a—\ = (rm«— m) sin. (a + a-^) ; 
by substitating these values in equations (B) and (C), there results, 
p = r < 1 + (m — 1) COS. a+ (m*— m) cos. /^i^\ al (E) 

a = r jifi*— (m — 1) sin. a — (m* — wi) sin. {--^) « J; (F) 

and by reduction, equation (A) becomes, 

(m — n) m* 



wi' — n* 



■90O; (G) 



The equations (E), (F) and (G) express, therefore, the relations which sub- 
sist between the six quantities |>, q^r^a^m and n when the imposed conditions 
are satisfied. Let three of these quantities as m, n and r be assumed, the 
others will be found from the three equations in question ; that is the span, 
rise, and number of degrees in the arc at the springing line, which correspond 
to the given values. 

^m the solution here given, the ratio ofpioq or -^ is found ; but as the 

p 
rise and span are usually a part of the data, this ratio -^ may be different 

from that — of the given half span 5, and rise c ; in which case it will be 
c 

necessary to assume new values for the quantities in, n, and r, and find the 

p 
corresponding values otp^ 9, and a, until the ratio -^ is equal to, or nearly the 

same as — . When a suitable approximation has been obtained, it will be 
c 

May to find a curve which shall differ but littie firom the required one, and 

b 
whose half span and riae shall have the reqmred ratio — 

To effect this, let « be the quantity which moat be added to p and q 
req;>ectively, to make their ratio the same as that of 5 to c; thia condition will 
be ezpreaeed by the equation, 
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from which there results 



c q + x' 



if now this quantity be set off from A to 3f (Fig. C), and from C to iV, and 
a new curve AN be described from the same centres O, P and Q, it will be 
parallel to the curve AC, whose half span and rise are p and q, and the half 
span BMt and rise BiV, will have the same ratio ns 6 to c To pass from this 
curve to a similar one, described on the given half span b, and rise c, it will be 
only necessary to multiply each line of the figure QPOMN by the ratio 

b 

or, substituting for x its value, as determined in equation (H), by 

P-9' 
since the figures being similar, their homologous lines are proportional, or, for 
example, 

p + xibiiOMi-^OM; 

which will give the line, corresponding to OM, in the figure of which b is the 
half span, and c the rise. 

The method here explained may be applied to any number of centres, but 
where the rise is less than one-fourth of the span, an oval of five centres will 
be found to answer fully all the required conditions. 

There are other methods of describing the oval of five, or a greater number 
of centres, which are rather more simple for calculation than the general 
method just given. 

By assuming, for example, the greatest and smallest radii within suitable 
limits, the intermediate radius may receive the condition of being a mean 
proportional between these two ; or designating it by x, there will result 
X = y/RXr ; — R being the greatest radius, and r the least. Having found x, 
the position of the intermediate centre P is found, by describing an arc from 
Q with a radius R — x, and another from O with a radius x — r, and taking 
their point of intersection P. 

A similar process might be followed for an oval of seven centres, by findtBg 
the two intermediate terms of a geometrical progression, of which r and R are 
the two eztremea. 
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Note D to Arts, 270, <f^., on the Strength of Materials. 

Elaslicity and Cohesion^ cmd their Measure — To arrive at somewhat definite 
notions on the subjects of the elasticity, and the tenacity or cohesion of solid 
bodies, and the measure of the resistance which they respectively offer to any 
extraneous force that tends to disturb the natural state of equilibrium of the 
elementary particles of which these bodies are composed, and thereby call into 
play their elasticity and cohesion, it may be well to give a brief summary of 
the hypotheses now most generally received among writers on physics upon 
these points; and to show in what manner the relations between the dis- 
turbing forces and their effects can be represented geometrically. 

The hypotheses now generally admitted are that bodies are composed of 
elementary molecules, each of whicii consists of atoms grouped together in 
definite numbers or proportions according to simple and regular natural laws ; 
that the positions of the atoms of any molecule, with respect to each other, 
cannot be so far displaced by any ordinary extraneous force as to modify 
their arrangement, external form, or mechanical properties ; that the element- 
ary molecules, separated from each other by greater or lesser distances, as 
compared with their own dimensions, exert a reciprocal attraction, which varies 
in intensity not only with their distances apart, but also with their relative 
positions, and that the tendency of this reciprocal attraction is to cause the 
molecules to group themselves according to regular laws ; that, in the natural 
state of equilibrium of the molecules, the forces of attraction are balanced by 
the forces of repulsion of the interposed caloric, but that these forces may be 
brought into play by any extraneous force which tends to disturb the natural 
state of equilibrium of the molecules, either by its tendency to separate them, 
or to press them together, until they have assumed a new position of stihle 
equilibrium under the combined effect of all the forces in action. 

To account for the state of equilibrium of the molecnles under the action of 
the forces of attraction and repulsion alone, it is supposed that the atoms of 
caloric repel each other at all distances, but with a force that decreases very 
rapidly in intensity as the distance between the molecules increases ; — that the 
atoms of caloric on the contrary are attracted by the molecules of different 
bodies with varying intensities, and which causes them to collect around these 
molecules, so as to surround each one with a kind of atmosphere of caloric 
that decreases in density from the centre outwards, until it attains an intensity 
equal to that of the surrounding medium ; — that, when two molecules of a 
body are brought so near each other as to be within the sphere of these forces 
of attraction and repulsion, the force by which they are repelled is simply that 
between the atoms of caloric, whilst the one by which they are attracted to 
each other is composed of the mutual attraction of their matter, and of the 
attnustSon of the atoms of the calorie compoung the atmosphere of the one for 
the Bmiter of the other ;—^fiba]ly, that the intensities of these forces of attnuv 



376 



APPBNBIZ. 



lion and repulsion decrease very rapidly as the distance between the 
molecules is increased, and so as to become nail, or insensible at distances 
which are appreciable by the senses. 

Admitting then the hypothesis, that, in the ordinary state of equiUbrinm of 
solid bodies, the molecules are preserved in their relative positions by a force 
of attraction and one of repulsion which balance, or destroy each other, aod 
that when the distance at which they are kept apart in this state is either 
increased or decreased by an extraneous force, acting in the line of direction 
between their centres, the force of attraction, or that of repulsion will be 
called into action, the one or the other being in excess, as the extraneous force 
tends to separate or press together the molecules, the extraneous force itself 
measuring this excess, it will be easy to represent these conditions of equili- 
brium generally, and to express the kw by which these varioua forces are 
connected. 




XoTB.— Hie poinu nf imeneetitMl of the oraiw 
uid ihfl cufre arc hufIehJ thai O; thoM of 
QfdiiiAtu and luipjnu ikwt ' 



To do this let AX, and AY (Fig. A), be taken as the rectangular axes of a 
eorre jf, y\ y"^ ^., the abscissas of which, as A », A «*, A r", dcc^ repreaent 
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the respective distances apart of two molecules, and the corresponding ordin- 
ates xy, x* y*, x*' y", &e., the corresponding values of the forces of repulsion, 
and let z, z', z", &c., be a second curve having the same abscissas as the first) 
and for its ordinates xz^ x' z', x" z", &c, which represent the values of the 
forces of attraction corresponding to the distances apart of the molecules, Ax, 
A x*t &c These two curves should intersect at some point, as b, which 
corresponds to the natural state of equilibrium of the two molecules, in which 
their distance apart is A a, and the forces of repulsion and attraction, repre- 
sented by the ordinate a b, are equal. From the common point 6, towards the 
axis AY, the two curves should approach rapidly this axis, without however 
ever meeting it, since matter is impenetrable, and in this part the forces of 
repulsion represented by the or<i^nates x y, &c., will be greater than those of 
attraction, represented by the ordinates x s, &c To the right of the point 5, 
the curves will recede from each other making the ordinates x z, &c., greater 
than the corresponding ones x y^ &«., until some distance Ax'' between the 
molecules is reached, when the difference z"Y" between the corresponding 
ordinates is a maximum, and from which point the curves will again approach 
each other, to intersect at a second point 6^, having the common ordinate a' b', 
where the forces are again in equilibrium, and beyond which, to the right, that 
of repulsion again exceeds the one of attraction. If, beyond this pomt b', the 
force of repulsion still continues the greater, the curves will separate more and 
more, and will approach the axis A X without ever attaining it, so that at 
some distance A a?/, infinitely great with respect to the one A a, corresponding 
to the natural state of equilibrium, the corresponding ordinates x, z,j and x, y/, 
will be infinitely small vrith respect to the one a b. 

Examining now what takes place in the vicinity of the point 5, when the 
natural state of equilibrium is slightly disturbed by any extraneous force, it 
will be observed that when the force acts to increase the primitive distance 
A a between the molecules, so as to make it A a + a x' for example, then the 
length y'z'=ix*z' — x'y' will represent the value of this force, and is the 
intensity of the resistance offered by the force of attraction to the displace- 
ment a X* of the molecule. In like manner, it will appear that x y measures 
the intensity of the force of repulsion to an extraneous force that would dis- 
place the molecule the distance a x. It will be further observed, on an 
examination of the curves, that the measure of the intensity of the resiBtance, 
offered by the force of attraction to the displacement of the molecule, will 
gradually increase with the displacement, until it attains a muTimnm state 
^m yttt^ corresponding to the displacement A x'", from which point it will 
decrease to the point 6^, the new position of equilibrium of the molecules. 

From what has been thus far stated, a clear idea may be formed of the 
elastic resistance offered by the two molecules to any force which tends to dis- 
place them from their state of natural equilibrium, and the law between this 
resistance and the correspondmg dispbicement within the range of elasticity. 
For let any extraneous force be applied to separate or bring together the two 
molecules, the intensity of this force being less than the maximum reeistaoce 
y// jE'f/, its effect will be to change the distance between the moleealM, imti] 
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they have gained a new position, where all the forces will be again in equi- 
librium. Let this po^iitton bo the one corresponding to A x' for example ; now 
80 long a.s the extraneous fori'e acts, the molecules will retain their respective 
positions apart, A and ar' ; if the extraneous force be suddenly withdrawn the 
molecules will approach each other to regain their primitive distance apart 
A a, with u certain velocity, which velocity, or rather the living force accn- 
mulated, will cause the molecules to approach nearer to each other than the 
distance A a, passing which the force of repulsion will be brought into play, 
and by its resistance, having destroyed the living force gained, will cause the 
molecules to recede from each other, creating in turn a certain amouat of 
living force, and they will thus continue to oscillate between their primitive 
positions until they are finally brought to rest with respect to each other 
in it by extraneous resistances. 

If a tangent be drawn to each of the curves y, y\ &c., and z, z', &c^ at their 
common point A, these tcuigents will, like the curves, intersect at 6, and will 
each coincide with its corresponding curve, for a gi-eater or smaller distance on 
each side of the point b. Now, if any distances a x', a ar", &c., be taken on 
each side of a, and be considered infinitely small with respect to Ao, the 
primitive distance apart of the molecules, the portions of the ordinates to the 
curves as n' o^, n" o"^ at these points, intercepted between the tangents, will 
be equal to the portions of the same ordinates intercepted between the curves, 
as the curves and their tangents are taken as coinciding along the |R>rtions 
corresponding to a x', a x"^ &c. The intercepted portions of the ordinates, 
with the portions of the tangents, as 6 n^ 6 n"^ intercepted between them and 
the point 6, will form similar triangles, from which is readily deduced that the 
portions of the intercepted ordinates are proportional respectively to the cor- 
responding distances a x*, a x'\ &c. ; or, in other words, that the forces with 
which tlie molecules attract, or repel each other, for infinitely small displace- 
ments, as compared with the primitive distance of natural equilibrium, are 

n' o' n'' d' 
proportional to the displacements. But since the ratio — -j- = — -^, between 

the portions of the ordinates intercepted between the tangents and the cor- 
responding displacement is constant, it may be taken to express the numerical 
valne of the resistance offered by the molecules, in their position of natural 
equilibrium, to the infinitely small displacements in which the tangents coin- 
cide with the elements of the curve ; which amounts to saying that, for 
infinitely small displacements of the molecules of a body, the value of the 
elastic force remains sensibly constant 

It will be readily seen, from an examination of Fig. A, that, in proportion as 
the two curves approach more nearly to coincide with the ordinate a 6, the 
angle between the tangents will be the smaller, and the distances ax^^a j/', 
&c., will also be the smaller, as compared with the corresponding parts of the 
ordmates tT (/, n" d\ &c., intercepted between the tangents; and the elastic 
resistance, or rigidity of the molecules, measured by the coDatant ratio 

— -;-, will be the greater. 



% 



AFFEKDIX. 379 

ReloLitm between the Elongation, or Compression, and the F>}rce, or Strain, 
by which it is caused, in the use of a rod, or bar of a given cross section, the 
force acting in the direction of the length of the bar. 

Let the original length of the bar be represented by L; the 
area of its cross section by A; by W the force acting in the 
direction of the length of the bar ; which force, regarding the weight 
of the bar as inconsiderable with respect to W, may be considered 
as a weight suspended from the lower end of the bar ; and by / the 
elongation of L due to W. Now whether the bar be supposed to 
consist of as many parallel fibres as there are equidistant molecules 
in the section A, each fibre being of the length L, or whether it 
be supposed divided into a number of infinitely thin slices of tlie 
same thickness, to the extremities of each of which a force W is no 
applied that its effort will be uniformly distributed over each element 
of the area A of the slice ; it will be apparent, from a moment*s 
consideration, that the resistance offered by the bar to elongation 
will be independent of its length, and proportional to the number of 
fibres, or to the area A ; that the elongations of the different portions 
of the length of the bar, arising from the action of W, will be 
p"! 1 directly proportional to their original lengths, so that the total 
elongation will be proportional to the total length of the bar ; and the 
resistance arising from elasticity will be measured, as in the case of the dis- 
placement of two molecules, by the ratio between the very small and propor- 
tional displacement of two molecules of the same fibre, and the force by which 
this displacement is produced. 

As L is the original length, and I the total elongation, the proportional 
elongation, or that which takes place for each foot, or other unit in which L is 

expressed, is represented by the fraction —=2^^ and is the same for every 

fibre of the bar. The measure of the elastic resistance therefore will be 

W 

— . Representing by £ the measure of the elastic resistance on a unit of the 

surface A, the measure of the total resistance on this surface will be EXA. 
From this is obtamed the relation 

— =ExA;orW = EAA=EAl. 
X Ij 

from which W or Imay be found when the other is known. 

By making A equal to unity of area, and Z= L, the above relation becomes 
W = E. In other words, E is the force which applied to a bar, the area of the 
cross sections of which bemg unity, would elongate the bar a quantity equal to 
its original length. This quantity E is termed by writers the coefficient, or 
the modulus rf elasticity. 

The reasonmg here used for the curcumstances of elongation will equally 
apply, from what precedes, to the case of the shortening of a bar by a force of 
comprenion. 
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To find the relations hettoeen the elongation and strain when (ke weighl cftke 
bar is taken into consideration. 

Represent by L the original length, before elongation, of a bar AB 
(Fig. B) ; by a: the length A C of any portion of it, estimated from A ; hj dx 
an clement of the part x ; by W the weight suspended at B; and by to the 
unit of weight of the material of the bar. 

The weight of the portion of the bar B C, and which tends to elongate the 
part A C above it, will be expressed by 

(L — x)v); 
the total force, or strain, acting at the point C, will therefore be expressed by 

W-f (L — j:)ic; 
and the effect of this strain on the element, represented in length by dx 
will be, from the preceding proposition, to prodaoe an elongation expressed 
by 

EA *'• 

the total length of the element dx after elongation will therefore be 

ax-r g^ 

Integrating this expression between the limits a? = o and « = L, there obteine 

^■♦" EA ' 

for the total length of the bar after elongation. 

. Relations hehoeen the Forces or Strain applied to a bar^ or ttidf of a given cross 
section, and the lengthy <f*c., of the bar when rupture ensues; the strain being 
parallel to the directum of the length of the bar. 

The principal results of experiments on the resistance offered by materials 
to rupture from a strain acting either to compress, or tear asunder the par- 
ticles, thus calling into play the tenacity, or their resistance to compression, 
have been so fully given, that but little remains to be said here &rther than to 
show the effect produced by the weight of the material itself, in modifying the 
strain arising from any external force ; also the manner in which the form of 
the bar may be so modified as to make it most suitable to reaisi the strain 
arising from this external force and its own weight combined. 

Suppose a bar of uniform cross bection thoughout (Fig. B), the area of 
which is expressed by A, and its length A B by L, submitted to a strain 
arising from a weight W, suspended from B, and that of its own weight, and 
let w represent the unit of weight of the material of the bar. Represmting by 
R, the coefficient of rupture of the given material, — ^that is the strain that would 
tear asunder a bar of the same material, the area of the cross section of iHiieh 
is unity, — then the resistance offered by the bar A B will be expreMed by 

RX A 
The weight of the bar itself ?rill be expresaed by 

LA 10. 
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rt is evident that tho greatest strain on the bar, arinng from the combined 
action of W and its own weight, will be at the point A, and will therefore be 
expressed by 

W+LAio; 
and as the reabtance offered by the tenacity of the bar mnat be equal to this 
strain, there obtains 

RA = W + LAw 

to express the required relations. 

To show the manner in which the form of a bar may be so 
modified that the area of its cross section, at any point, shall 
be just sniBcient to resist the strain brought upon the 
material at that point; let a b (Fig. C) be such a bar the 
length of which is expressed by L ; let any portion of the 
length, as b c, be expressed by x ; let ic represent the unit 
of weight of the material of the bar ; W a weight suspended 
at its lower end; let the cross section of the bar, for 
example, at any point be a circle; let r designate the radius 
as c d of the cross section at the point c ; r" the radius a m 
of the top section ; r' the radius b n of the bottom section ; 
and d x the length of an element of the bar. 

The area of the cross section at c is v r*, and as this 
area is supposed to vary from point to point the wei^t of a 
portion of the bar of which the length is x will be expressed 

to / » r*' dx; 

and the stram upon the section at c, arising from this wei^t and that of the 
suspended weight W, will be expressed by 

wfwi*dx + W; 




Fig. C. 



«y*. 



but as this strain must be just equal to the tenacity of the bar at o, and m 
R X V r* represents its measure, there obtains 

to Ar»rfa: + W = Rx»f*; 

differentiating this expression, there results 

10 » f^ rf X = R » r J r 
hence 



whicb intetgra^ giye« 



dr to _ 
r R ' 



Log. r = — a: + C, 



which shows that the curve n d m, cut from the bar by a plane throng^ its 
centre, is a logarithmic curve. 

Without passmg from the preceding logarithmic expreaaion to the equivalent 
numbers, equation 



! 



383 AFFSITDIX. 



v^f. 



can be placed under the form 



./. 



by making ir r* = A ; differentiating thia aa before, there reaoUi 
trAd:r=:RiA; 



Hnd 



rfA w 

■a""¥ • 



f Dtegradng r in thia, between the limita r^ and r'\ and calling the respeelave 
nreas at these pointa A' and A" ; and also integrating x between the limiia 
c> and L, there obtiuna 

A" w 

hence, paaaing to the equivalent numbers, 

A" = A'c (B). 

but aa the atram on the aection A' is W, there obtains 

A'R = W,andA' = ~- 
Substituting this valne of A', in the preceding equation (B), there obtains 

lor the value of the area at the upper end of the bar. 
As the weight of any portion of the bar of the length x ia expreaaed by 



w I Adx 



(D) 



and the value for any variable section, at the distance x from the lower end, 
IS found by substituting A for A'', and x for L in the equation (C) just pre- 
ceding, the value of A so found substituted in the expression (D) gives 

w 



,, Av R ' 



dx 



and thiB expression integrated between the limits jp = o and « s L, becomes 
which is the value of the weight of the entun bar. 
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Relations between a farce producing ike rupture of a solid body by a cross strain 
on its fibres^ and the resistances of compression and extension of the fibres pro- 
duced by ike action (f the force. 



The effect of a cross strain upon the fibres of a solid body, as a bar, or rod, 
caused by the action of a force, of which the line of direction is either perpen- 
dicular, or oblique to that of the fibres, is to deflect the solid, bringing a strain 
of extension upon the fibres towards the convex side, and one of compression 
on those towards the concave side of the solid. Separating the fibres which 
are elongated by the cross strain fi*om those which are compressed, it is 
generally assumed that there exists a layer of fibres which is not affected by 
the cross strain, and which, on that account, has received from writers on this 
subject the name of the neutral line, or neutral axis of the solid. It is also 
generally assumed that when the deflection is inconsiderable, the elongations 
and diminutions in length of the extended and compressed fibres which are at 
equal distances on each side of the neutral axis are equal, and that these 
changes in the original lengths of the fibres are proportional to the distances 
of the fibres from the neutral axis. It therefore follows from what precedes, 
that so long as the elasticity of the fibres remains unimpaix^d under the action 
of the force, the resistances oflered to elongation, or compression, will be pro- 
portional to the distances of the fibres from the neutral axis. In the state of 
a solid inmiediately bordering on rupture from the effects of a cross stram, it 
is probable that the elastic limits of the fibres which are farthest from the 
neutral line, both on the convex and concave sides, are exceeded before they 
are reached by fibres lying nearer to the neutral line, and that the resistances 
therefore are no longer strictly proportional to the distances of the fibres from 
the neutral axis. But as the hypothesis, that the elasticity of the fibres 
remains unimpaired up to the moment of rupture, approaches more nearly the 
actual state. of the question than any other, it has been assumed by writers on 
this subject as the basis of tho theory from which the formulas, showing the 
relations between the forces, are obtamed, and a correction for the imperfec- 
tion of the results thus arrived 
at has been sought, by compar- 
ing them with those obtained by 
direct experiment, and, by means 
of this comparison, deducing 
formulas more in accordance 
with the actual state of the case, 
and more suitable to practical 
applications. 

Let A B C D (Pig. D) repre- 
sent a longitudinal section of a 
bar firmly fastened at the end D, 
and acted upon by a force W, at 
the end BC, which tends to deflect tiie bar. Let E F be tiie position of the 
neutral axis, supposed to be known, and OP the line along which rupture is 




Fiff. D. 
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abont to take place from the effect of W. Let the 
area comprised within the curved line (Fig. £) be 
the cross section of the bar at OP. Let AX repre- 
sent the position of the neutral axis on this cross 
seclSbn, and let this line, with the one A Y drawn 
pcrpendicnlnr to it at the point A, be taken as the 
coordinate axes to which all points of the cross section 
are referred. 
^* *• Represent by 

b, the breadth of the cross section estimated on AX ; 
d, the distance from AX and above it of the extreme fibre of the croos 

section, or the one which is most donated ; 
<f , the distance from AX of the one most compressed ; 
X and y, the coordinates of any fibre, as o ; 
R, the coefficient of rupture. 
The area of any fibre will be expressed by <ir X dy; and the resistaiice 
which the extreme fibre from A X offers at the instant of rupture wUi be 
expressed by 

Rxdxdy. 

Now as the resistances oficTed by the fibres are proportional to their elonga- 
tions, or compressions, and as these last are proportional to the distances of 
the fibres from the neutral axis, it follows that d being the distance of the 
extreme fibre from AX, and y that of any other fibre, as o, from the same, the 
resistance ofiered by o will be expressed by 

■^Rxdxdy. 

The total resistance offered by all the fibres will therefore be ezpreaaed by 
the integral of this last expression, or by 



-jf'^'^fy^y 



In like manner the total resistance offered by the compressed fibres Is 
expressed by 



7/-/ 



ydy 



Now assuming, at the instant of rupture, that the deflection of the solid is 
inconsiderable, and that the force W which causes it n perpendicular to the 
direction of the fibres, it follows that the conditions of equilibrium require that 
the algebraic sum of the forces in the direction of the fibres shall be equal to 
zero, and that the sum of the moments of all the forces with respect te the 
neutral line across the section at OP shall also be equal to zero. 

The first of these conditions will be expressed by 

— I dx I ydy ^—jdx j ydy^o (A) 
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u the resistance to elongation offered by any fibre at the distance y from the 

R R 

neutral line is — dx dyy, the moment of this resistance will be — dx dy f^y 
d d 

and the sua. of the moments of all the resistances to elongation will be 
expressed by 

In like manner the snm of the moments of the resistances to compression 

Representing by z the perpendicular from OP upon the line of direction of 
W, the moment of W with respect to the neutral line across OP will be 

Wz. 
To ezprsss therefore the second condition of equilibrium there obtains 

-jjdxjl* dy + -jf^fy" dy'-Vf% = o. (B) 

Representing by dA.=-dxdy the section of a fibre, or an element of the 
cross section corresponding to it, the eq. (A) will take the form 



R p d K^ p df 

dJ^ydA" dfJ.ydA"^ 



which expresses the condition that the neutral line AX (Fig. E) drawn through 
the section of rupture passes through its centre of gravity. When the neutral 
line therefore divides the section of rupture symmetrically, eq. (B) will take 
the form . ,, 

2jfdxfy'dy = Wz (C) 



The sum of the two integrals in eq. (B), and the integral which forms the 
first member of eq. (C), have received the name of the momenl of rupture. The 
integnition being affected by the usual rules for integrals of this form, the 
limits of X being taken between x = o and a: = 6, and y being either constant, 
or else a function of or, depending on the figure of the section of rupture, and 
its limits in the last case being y=^o and y =/(a:), the resulting equation will 
express the relations between the dimensions of the solid and the force pro- 
ducing rupture, when the value of R has been suitably ascertained by 
experiment. 

Before proceeding farther it will be well to effect the integrations for the 
moment of rupture, as expressed in eq. (C) for some of 
the more usual cases where the cross section has uni- 
form dimensions throughout the entire length of the 
solid. 

Taking the case of a rectangular cross section (Fig. 
T) the breadth oi which is represented by by and the 



4 



Fig. F. depth by J = 2 d', the expression for the moment of 



3SG 
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rapture becomes 



,^fLp%=n 



6* 



In the case of a circular cross section, representing by r the radSiu of the 
circle, the expression becomes 



r J S 4 



Jb 

— JK-| 



Fig. O. 



In the case of a tube with a rectangular cross section (Fig. 
G), representing by b and d the breadth and depth of the ert6> 
rior rectangle, and by b' and df the like parts of the interior 
rectangle which forms the hollow of the tube, the moment 
of rupture will be 

^ 6d ' 
and in that of a tube with a circular cross section, r and r' 
being the radii of the exterior and interior dreles, the 
expression becomes 



R 



4r 



In the case of a uniform cross section like (Fig. H), representing by b the 
entire breadth of the solid portion, and by d its depth : by b^ the sum of the 
breadths of the rectangular voids on each side, and by d their dej^ the 
expression becomes, as in the case of a tube, 



ed 

The foregoing examples will serve to show the method 
of obtaining the moment of rupture in all like cases of 
solid bars, or tubes with uniform cross sections where the 
neutral line divides the cross section symmetrically. 

Resuming the general expression (C), which shows 
the relations between W and the other quantities, and 
applying it to the case of a beam with a rectangular 
cross section of uniform dimensions, the length of which 
AB, beyond the point where it is finnly fastened, is repre- 
sented by 2, the expression becomes 



i6' 



d 






•6 






riff. H. 



Rf.W. 



(D) 
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supposiiig the rapture to take place, as is evident from the eq., it will in such 
a case, at AD. From this eq. there obtains 

for the weight which the beam will bear at the moment of rapture. 

If a beam is laid horizontally on two props, and a weight is placed upon it 
at the middle point between the props, the tendency of the beam to rapture 
will be at this point ; and the strain npon the beam from W will evidently be 
the same as if the beam were firmly fixed at the middle point, and a force 
equal to 1 W were applied at the point where the beam rests upon one of the 
props, and in a direction contrary to that of W. Representing by / the dis- 
tance between the props, b the breadth, and d the depth of the rectangular 
cross section, d being estimated in the same direction as W, the preceding eq. 
(D) will take the form 

R5^ = lWxi/ = iW2; 



consequently 






It is from experiments made upon beams of a rectangular section, laid hori- 
zontally upon two props, and broken by a weight placed upon them at the 
middle point between the props, that the quantity R has been determined for 
the different kinds of materials. Having determined R from a number of 
such experiments the value of W can be determined by calculation when the 
quantities b, d, and I are kno^vn. 

If InHtead of a weight acting at a single point, a beam of rectangular cross 
section is strained by a weight unifornily distributed over its top surface, the 
conditions of equilibrium from which the relations between the weight and the 
dimensions of the beam are established will be expressed as follows: 
Representing by w the weight on each unit of 
length of the beam,by rfz (Fig. I) an elementiiry 
length of the solid at the distance z from the 
point where the solid is firmly fastened, and 
where the rapture will take place; then the 
weight distributed over the element dz will be 
wdz, and its moment with respect to the point 
of rapture will be wdz X z. Calling the entire 
length bf the solid /, the moment of the entire 
weight distributed over its length will be 
expressed by 



c 



d^ 



T 
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2 



yf^trOa 



/• 



wdz%'^ 



3n 
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and thiB, from the conditiooA of eqiiilibrlum, must be equal to the moment of 

rupture, or 



r -—- = I w dz z = = — L 



But tol expresses the entire weight distributed over the solid ; therefore, from 
this last equation, it follows, that its effect upon the solid is the same as if 
half this weight were suspended from the end of the solid. 

If the solid, besides supporting a weight to uniformly distributed over each 
unit of its length, has also a weight W suspended at its end, the conditiona of 
equilibrium will be 

6 2 

Solids of equal resistance, — This term is applied to solids in which the 
material is so distributed, with respect to the force, that the strain arising from 
it is the same at every point of the solid, and the tendency to rupture is there- 
fore the same at all points. In a beam of a uniform rectangular cross section, 
for example, placed under the circumstances supposed in the preceding cases» 
the rupture will take place either at the end where the beam is firmly fixed, or 
at the middle point where the ends rest on props. As these are the weakest 
pointi^, there will be an excess of strength at all other pomts, and therefore a 
waste of material. These considerations have led to an examination of forms 
by which this waste might be avoided. The change of form of the solid is 
usually effected by varying the dimensions of its longitudinal section made by 
a plane through its axis, the plane of section being either parallel to the line 
of direction of the force, or perpendieular to it, preserving either the breadth 
or depth of its cross section the same at all points. 

Suppose a beam (Fig. K), of which the 

upper side is a plane surface, placed in a 

horizontal position, firmly fastened at one 

end, and stnuned by a weight W at the 

other; it is required to determine the 

form of its longitudinal section by a plane 

through its axis parallel to the direction 

of W, the breadth of the cross section 

being the s<ime throughout 

Fiff. K. Let I represent the length of the 

portion of the beam strained, b the nniform 

breadth of its cross section, d its depth at AD, where the beam is fastened, y 

the depth of the cross at any point, the distance of which from B, where W 

acts, is 07. 

To find the value of d there obtains from the preceding equations 
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and for the relations between y and x 

B,JL= War ; hence y* = 
6 

A relation between y and x which expresses that the longitudinal section of 

the beam must be terminated at the bottom 
by a parabola, the vertex of which is at the 
point B. From the conditions of the pro- 
blem a solid so shaped will offer an equal 
resistance at every point to the strain arising 
from the action of W. 

Suppose, as in the last case, the top surface 
of Uie solid plane (Fig. L), its breadth 
uniform, and that the strain arises from a 

weight w uniformly distributed over each unit in length of the top surface. 
Adopting the same notation as in the previous case there obtains, to find the 

value of d 




Fig. L. 






and to obtain the relations between x and y, 

R-|- = — , hence y= -^; 

a relation that shows that the lower line of the longitudinal section is the 
right line BD. 

Suppose a solid (Fig. M) with 
a rectangular cross section of 
uniform breadth throughout, the 
lower surface being plane, laid 
horizontally upon supports at its 
extremities, and strained by a 
weight placed at any point between 
the points of support. 

Represent by b the uniform breadth of the cross section, by d its depth at 
the point where W acts, I half the horizontal distance between the supports, 
and c the distance between the point D, where the weight acts, and the point 
C, the middle point between the supports A and B. The solid will evidently 
be in the same state as if it were confined at the point D, and a weight equal 

to W -rr were applied at the pomt A, and in a contraiy direetion to W. The 
conditions of equilibrium therefore will be 




Fig. M. 



' 6 "" 2/ 



(Z+C)W«:W 



PHf 



hiDoe the depth of the beam at the point Ak 
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It is evident from the preceding that, in order that the solid shall be equally 
strong throughout in this case, the top of it must be formed of the portions 
of two parabolas, tlie vertices of which are at A and B. 

Were it required to ascertain the form of the longitudinal section, so that 
the solid should be equally strong to resist the action of the weight when 
placed at any point between the supports, the preceding equation of equi- 
librium will serve to establish the relation between the parts. For represent- 
ing the depth of the solid at any point by y, and by x the corresponding 
distance from the middle points between the props to tiie point D, where the 
weight acts, the preceding equation will take the form 

6 2/ 

which is the equation of an ellipse of which the vertices are at the points A 
and B, and of which the semi-conjugate is expressed by 




Suppose a solid (Fig. N) with a uniform 
thickness d in the line of direction of the 
weight, but of variable breadth, subjected 
to a strain arising from a weight uniformly 
distributed along the centre line AB of the 
solid. 

Representing by y any ordinate PM of 
the curve which bounds the top surface 
pjg, i^. of the solid, and by or' its abscissa PB ; by 

V) the weight borne by each linear unit of 
AB ; hy dx any elementary portion of AB, at the distance x from B ; then 
w dx will be the weight distributed over the element dx, ' To express the 
conditions of equilibrium between the moment of rupture of the cross section 
at PM, and that of the wdght of any portion of the solid of the length j;, 
there obtains, 



r = I wdx (acf — x) =i tc« (2a/ — a). 



Representing by 2 = AB the length of the solid from DC where it is fiimly 
fixed, and by ds= AC, the foregoing expression becomes 

R --- = iwP; henee h = . 

6 riOi 

^ce for the cross section at AC, x s= a;' =» 2, and y' =s fr. 

The precedmg expressions show that the curve CMB is a pmbolAi of 
which C is the vertex, and the line CA the axis. 
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From the preceding examples, the relations between the moment of rupture 
and the strain caused by a force acting in a given manner on a solid of any 
form uf cross section, whether constant or variablei may be established when the 
dimensions of the cross section are connected by any geometrical law. In the 
most important cases in structures, these relations are usually expressed in the 
most simple terms for convenient arithmetical calculation, the constant, 
represented by R in the preceding equations, being determined from experi* 
ments made on the solids of the form to which the formulas are applicable. 
Examples of formulas derived in this manner, and adapted to arithmetical cal- 
culation, are given in Art 320, page 92, and at the end of Note A on tubular 
bridges. 

A large number of experiments have been made to ascertain the value of R, 
by submitting solids of a rectangular cross section to cross strains producing 
rupture. As might have been anticipated, the values of R so determined vary 
considerably. The mean value for timber is usually taken at 12,000, and that 
for cast iron at 40,000. In practical applications, the value for timber is 
reduced to the one-tenth, or 1200, and that for cast iron to the fourth, or 
10,000, of that determined by experiment, when the formulas are used to fix 
the strain to which the material can be subjected in safety in the ordinary cases 
of structures. 
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